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PROVISIONAL PEER-REVIEWED TOXICITY VALUES FOR 
SULFOLANE (CASRN 126-33-0) 

BACKGROUND 

FINAL 
1-30-2012 

A Provisional Peer-Reviewed Toxicity Value (PPRTV) is defined as a toxicity value 
derived for use in the Superfund Program. PPR1Vs are derived after a review of the relevant 
scientific literature using established Agency guidance on human health toxicity value 
derivations. All PPR1V assessments receive internal review by a standing panel ofNational 
Center for Environment Assessment (NCEA) scientists and an independent external peer review 

·by three scientific experts. 

The purpose of1his document is to provide support for the hazard and dose-response 
assessment pertaining to chronic and subchronic exposures to substances of concern, to present 
the major conclusions reached in the hazard identification and derivation of .the PPRTVs, and to 
characterize the overall confidence in these conclusions and toxicity values. h is not intended to 
be a comprehensive treatise on the chemical or toxicological nature of this substance. 

The PPR1V review process provides needed toxicity values in a quick turnaround 
timeframe while maintaining scientific quality. PPRTV assessments are updated approximately 
on a S-year cycle for new data or methodologies that might impact the toxicity values or 
characterization of potential for adverse human health effects and are revised as appropriate. It is 
important to utilize the PPRTV database (http://hhpprtv.ornl.gov) to obtain the cmrent 
information available. When a final Integrated Risk Information System (IRIS) assessment is 
made publicly available on the Internet (www.epa.govflris), the respective PPRTVs are removed 
from the database. 

DISCLAIMERS 
The PPR1V document provides toxicity values and information about the adverse effects 

of the chemical and the evidence on which the value is based, including the strengths and 
limitations of the data. All users are advised to review the information provided in this 
docmnent to ensure that the PPRTV used is appropriate for tlie types of exposures and 
circumstances at the site in question and the risk management decision that \wuld be supported 
by this toxicity assessment. 

Other U.S. Environmental Protection Agency (EPA) programs or external parties who 
may choose to use PPR1Vs are advised that Superfund resources will not generally be used to 
respond to challenges, if any, ofPPRTVs used in a context outside of the Su_perftmd program. 

QUESTIONS REGARDING PPRTVS 
Questions regarding the contents and appropriate use of this PPRTV assessment should 

be directed to the EPA Office of Research and Development's National Center for· 
Environmental Assessment, Superfund Health Risk Technical Support Center (513-569-7300). 
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INTRODUCTION 
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Sulfolane {2,3,S-1etrahydrotbiophene-l,l-dioXide; te1ramethylene sulfone), CAS No. 
126-33-0, is used as an industrial solvent as well as a feedstock in polymer and electronics 
manufacturing. The chemical structure is shown in Figure 1. The chemical is listed as a 
high-production-volume chemical by the Organisation for Economic Cooperation and 
Development (OBCD, 2004). Sulfolane has a low vapor pressure, suggesting it has low 
volatility; however, it is highly soluble in water. A table of physicochemical properties is 
provided below (see Table 1). The chemical formula is C~S~. 

q~o r?s 

Figure 1. Sulfolane Structure 

Table 1. Physicochemical Properties Table for Sulfolane (CASRN 126-33-0) 

Property (unit) 

Boiling point ("C) 

MeltiDJ point rc> 
Density (Wcm,) 

Vapor pressure (mm Hg at 27.6"C) 

pH (unitless) 

Solubility in wat• CWL at 250C) 

Relative vapor cleasity (air= 1) 

Molecular weisht (glmol) 
1ATSDR (2010a). 
"oECD (2004). 

ND=nodata. 

Value 

2as• 
27.4-27.11 

1.2651 

0.006~ 

ND 

~lOOb 

1.266b 

120.1 .. 

No Reference Dose {RID), Reference Concentration (RfC), or cancer assessment for 
sulfolane is included in the United States Environmental Protection Agency (U.S. EPA) 
Integrated Risk Information System (IRIS) (U.S. EPA, 2011a) or on the Driaking Water 
Standards and Health Advisories List (U.S. EPA, 2009). No RID or RfC values are reported in 
the Health Effects Assessment Summary Tables (HEAST) (U.S. EPA, 2011b). The Chemical 
Assessments and Related Activities (CARA) list does not include a Health and Environmental 
Effects Profile (HBEP) for sulfolane; there are no noncancer toxicity values (U.S. EPA, 1994). 
The toxicity of sulfolane bas not been reviewed by the Agency for Toxic Substances and Disease 
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Registry (A TSDR) in a Toxicological Profile (ATSDR, 2010b ), but ATSDR did perfonn a 
Health Consultation on sulfolane for the Alaska Department of Health and Social Services. 
A TSDR has recommended an oral exposure limit of25 f1g/kg-day based on an oral subchronic 
study in guinea pigs by Zhu et al. (1987) (ATSDR, 2010a). The toxicity of sulfolane has not 
been reviewed by the World Health Organization (WHO, 2010). The California Environmental 
Protection Agency (CaiEP A, 2008, 2009) has not derived toxicity values for exposure to 
sulfolane. No occupational exposure limits for sulfolane have been derived by the American 
Conference ofGovemmentallndustrial Hygienists (ACOIH, 2010), the National Institute of 
Occupational Safety and Health (NIOSH, 2011), or the Occupational Safety and Health 
Administration (OSHA, 201 0). 

The HEAST (U.S. EPA, 20llb) does not report any values for. cancer or a cancer 
weight-of-evidence (WOE) classification for sulfolane. The International Agency for Research 
on Cancer (IARC, 201 0) has not reviewed the carcinogenic potential of sulfolane. Sulfolane is 
not included in the 1211t Report on Carcinogens (NTP, 2011). CaJEPA (2008) has not prepared a 
quantitative estimate of carcinogenic potential for sulfolane. . 

Literature searches were conducted on sources published from 1900 thrOugh 
September 2011 for studies relevant to the derivation of provisional toxicity values for sulfolane, 
CAS No. 126-33-0. Searches were conducted using EPA's Health and Environmental Research 
Online (HERO) database of scientific literature. HERO searches the following databases: 
AGRICOLA; American Chemical Society; BioOne; Cochrane Library; DOE: Energy 
Information Administration, Information Bridge, and Energy Citations Database; EBSCO: 
Academic Search Complete; GcoR.efPreview; OPO: Government Printing Office; 
lnformaworld; lngentaConnect; J-STAGE: Japan Science & Technology; JSTOR: Mathematics 
& Statistics and Life Sciences; NSCEPINEPIS (EPA publications available through the National 
Service Center fur Environmental Publications [NSCEP] and National Environmental 
Publications Intemet Site [NEPIS] database); PubMed: MEDLINE and CANCERLIT databases; 
SAOE; Science Direct; Scirus; Scitopia; SpringerLink; TOXNET (Toxicology Data Netwolk): 
ANEUPL, CCRIS, ChemiDplus, CIS, CRISP, DART, EMIC, EPIDEM, ETICBACK, FEDRIP, 
OENE-TOX, HAPAB, HEEP, HMTC, HSDB, IRIS, ITER, LactMed, Multi-Database Search, 
NIOSH, NTIS, PESTAB, PPBIB, RISKLINE, TR.I, and TSCATS; Virtual Health LI'brary; Web 
of Science (searches Current Content database among others); World Health Organization; and 
Worldwide Science. The following databases outside ofHBR.O were searched for toxicity 
reference values: ACOrn, ATSDR, CalEPA, EPA IRIS, EPA BEAST, EPA HEEP, EPA OW, 
EPA TSCATSII'SCATS2, NIOSH, NTP, OSHA, and R1ECS. 

REVIEW OF POTENTIALLY RELEVANT DATA 
(CANCER AND NONCANCER) 

Table 2 provides an overview of the relevant database for sulfolane and includes all 
potentially relevant repeated-dose short-term-, subchronic-, and chronic-durid:ion studies. The 

·phrase "statistical significance," used throughout the document, indicates ap-value of<O.OS, 
unless otherwise noted. 
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Table l. Summary of PotentiaUy Relevant Data for Snlfolane (CASRN 126-33-0) 

Number of 
Male/Female, StraiD, 
Spedes, Study Type. BMDU 

Category Study Duration Doslmet~ Crittc:al effects NOABL• BMCil LOABL• 
Haman 

LOrar 

Subcbronic ND 

Chronic ND 

Developmental ND 

Reproductive ND 

Carcinogenicity ND 

1. Inhalation• 

Subcbronic ND 

Chronic ND 

Developmental ND 

Reproductive ND 

Carcinogenicity ND 
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Reference 
(Commentl) Notes• 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

Sulfolane 
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Table 2. Summary of PotentiaQy Relevant Data for Sulfolane (CASRN 126-33-0) 

Number of 
Malelll'emale, Stnlo, 
Speciel, Study Type, BMDU 

Category Study Duration Dosimetry" Critical effeds NOAEL• BMCL• LOAEL• 
Animal 

1.0rat 

Subchronie 10/10, CD, Rat, 2.1, 8.8, 35.0, StatlstieaDy slplficant 8.8 (malel) NomodelaOt 35.0 (males) 
drbaldDg water, 13 wk 131.7 (males) redaetiooaba total white blood to data 

ceO {WBC) and dlll'ereatial 2.9 (females) (redlleed 10.6 (females) 2.,, 10.6, 42.0, WBC eoDDtl (lymphocyte, WBCIID 
1,1.1 ba10pbils, mooocyte, aodlarge females) 
(females) uoatained eell [LUC)) C:OUDU In 

females; increased IDddeaee 
and severity of cortical tnbules 
with byallDe droplets ID the 
lddneya of males 

Sub chronic 6-1216--12, 0,60,200,or Slight rcduction of locomotor 60 (male 267(female 200 (male 
Crj:CD(8-D), Rat, 700 actiYity and splenic weight lD hyaline droplets spleen hyalioe droplets 
gavage,28 d females; increased relative kidney in kidney) weight) in kidney) 

weight in males; clecreasecl body 
welpt and fbod CODSUmption in 200 (female 700 (female 
males and females; increased decreased decreased 
hyalioe droplets and eosinophilic spleen weight) spleen weight) 
bodies in renal tubules of males 

Subcbronic 80 unspecified sex. and 0, SS.6, 167, or Decreased urine volume, NDO ND NDO 
strain, Rat, unspecified soo increased urine gamma glutamyl 
oral exposure, 90 d transferase actiYity, decreased 

serum alkaline phosphatase, 
decreased "lCD ;( likely serum 
isocitrate dehydrogenase)," 
decreased thrombin. 

- ---- --- ------ -------L____ 

s 
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1-30-2012 

Refereac:e 
(Comments) Nota• 

BDDtiDgdon PS,PR 
Life SclllllC:eS 
(1001) 

Ministry of PR 
Health and 
Welfiue 
Japan (1996a) 
as ciled by 
OECD(2004) 

Zhuetal. P.R. 
(1987a) 

Sulfolane 

i 
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Table 2. Summary of Potentially Relevant Data for Sulfolane (CASRN 126-33-0) 

Number or 
Male/ll'emale, Strala, 
Spedel, Study Type. BMDU 

Category Study Dantloa Doalm~ Critical effects NOAEL• BMCL• LOAEL• 

Subchronic 80 tmspeeifted sex and 0, SS.6, 167, or Dccreuod ascorbic acid collleDt ND" 'ND 'ND" 
8b'aJo, Guinea Pia, soo in adrenal g)ands; decreased 
uospecified oral serum albline pbospbataae 
exposure, 90 d levels; decreased WBC count 

Subcbronic 20/20, unspecified 0, 0.25, 2.5, Decreased uwrow cell counts; ND•· ND ND" 
strain. Guinea Pig, 2S,or2SO ahrillbge of the white pulp in the 
unspecified oral spleen 
exposure. 3 mo iDierim 
sacrifice 

Chronic 20120, unspecified 0, 0.2S, 2.S, Shrinkage of the white pulp in tbe 0.25 ND 2.S 
strain, Guinea Pig, 25, or250 spleen; fittty dogen~on of liver 
uospecifled oral 
exposure,6mo 

Developmental Unreported number of 0,93,210,840 Increased fetal resotption; skeletal 280 (mab:mal ND 140 (matemal 

females. Kunmillg, abnonnalities (breastbone lllld and 
Mouse, unreported malposition. rib fusion) developmental) developmental) 
method of oral 
administration, 
GDs6-IS 

Repro~ctive 12112, Clj:CD(S-D), 0,60,200,700 Mortality; decreased number of 60 ND 200 

Rat, gavage, 41-SO d estroiB cases; entire Jitter loss (reproductive (reproductive 
ftom·14 days pre- during lactation; increased and IIDd 
mating to lactation number of still births; decreased developmental) developmental) 
day3 body-weight gain and food 

consumption in males and 
females (premating); decreased 
birlb. index and number ohiablc 
pups on Days 0 and 4 oflactation 

Earcinogellicity ND 
---- - ~----

6 
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Rerennce 
(Commeats) Notes• 

Zhuetal. PR. 
(1917b) 

Zbu etal. PR. 
(1917c) 

Zhuetal. PR. 
(1987c) 

Zhuetal. PR. 
(1917d) 

Ministry of PR. 
Heahhand 
Welfare 
Japllll (1999) 
as cited by 
OECD200411 

NA 

Sulfolane 

! 

I 

I 

I 
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Table 2. Summary of Potentially Relevant Data for Sulfolane (CASRN 126-33-0) 

Number of 
Male/Female, Strahl, 
Species, Study 'l)pe, BMDU 

Category Study Duntlon Dosimetry" Critleal eft'ects NOAEU BMCL• LOAEU 

1. IDbalatlou• 

Subchronic 817, S-D, Rat. :repeated 120 Chronic liwr inflammation; NA ND 120 
exposure,lhrld. chronic lung inflammation 
s cUwk. 37 d 

Subchronic 15/0, 2.7, No effects obserwd 19.2 ND NA 
lS/0, 3.8. 
817, 19.2 
S-D, Rat, continuous 
expoaure, 23 hr/d, 
9G-110 d 

Subcbronk: an, Hartley, Guinea 120 Chronic lung in.fliiDUIUdion NA ND 120 
Pis; repeated expoaure, 
8 hrld. 5 dlwk, 37 d 

Subcbronic IS/0, 2.7. 3.8. 19.2, Chronic pleuritis; WBC count 152 ND 192 
15/0, 152, and 192 significantly lower than 
an. pre8xposu:re levels; &tty 
24124, vacuolation of the liver 
15/15, 
Hartley, Guinea Pis, 
continuous exposure, 
23 hrld. 85-110 d 

Subchronic 210, Be8gle, Dog. 120 CluOnic lung inflammation NA ND 120 
repeated exposure, 
• hr/d, s dlwk. 37 d 

L____ -- ---- - - L________ - - ---- - L_ --- - --- -

7 
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Refereace 
(Comments) Notes• 

Andanenet PR 
al.(l977a) 

Andersenet P.R 
al. (19T1b) 

Andeneuet PR 
al. (1977c) 

Andenenet PR 
al. (1977d) 

Andersenet PR 
al.(l977e) 

L___ -- -

Sulfolane 
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Table l. Summary of Potentially Relevant Data for Sulfolane (CASRN 126-33-0) 

N1Dilberof 
Male/ll'emaJe. Strala, 
Spedes, Studf Type, BMDU 

Catecory Study DantiOD Do dille~ Critiea1 ell'eetl NOAEL• BMCL• LOAJI:L• 

Subcllronlc 1-4 ma1eslgroap, %~7,3.8,19.2, Convalllo-. labored breathing, 19.Z ND 19Z (JI'EL) 
Beegle, Dog, and 19Z and agnaive bebavlor In aU 
continuous upo~~~re, clop; IeVen motar Nlzurel; 
23 hr/d, !J0-110 d aevere couvullion; daroDically 

lafJamed and bemorrbapc 
111Dp 

Subcbronic 910, Squirrel Monby 120 Chronic IIUII inflammation; NA ND 120 (FEL) 
(Salmlrl~Ciurew), extreme convulalona; 
repeated exppnre, blood-tiDged fluid around eyes; 
8 hrld, 5 dlwt. 37 d pale liven and hearts; fidty 

metlmorphosil of tho liver 

Subcbronic 2-9 males/poup, 2.7, 3.8, 19.2, Mortality and moribundity; 19.2 ND 192 (FBL) 
Squirrel Monby, and 192 chronic pleuritis 
continuous exposure. 

. 23 bid, 90-110 d 

Chronic ND 

Developmental ND 

Reproductive ND 

Carcinogenicity ND 

FINAL 
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Reference 
(Commenu) Nota• 

-A.Ddenea et PS,PR 
aL (19771) 

Andenenct PR 
al. (1977g) 

Andersenet PR 
a1. (1977h) 

NA 

NA 

NA 

NA 
-nosime~: The unill foro~ expDIUftiS are exp.ressed as mglkg-day, while inhalation exposures units are ~ as mg/mJ NOAEL. BMDIJBMCL, and LOAEL :values 
oflong-term exposure (4 weeki and longer) are conwrted fi:om a discontinuous to a continuous (weekly) exposure. Values from animal developmental studies are not 
acijusted to a continuous exposure. Values for iDhaladon were not converted to HBC for respiratory effects due to inadequ• informadon available on particle size of the 
yapor or for any similar vapor. 
"NNtes: IRIS ,.. utDfzed by IRIS, date oflut update; PS = principal study, PR. = peer reviewed, NPR • not peer reviewed. 
-mcomplete results and lack of description precludes assiping effect 1eYels to the subchroDic portion of this study. 
"rabies and Fjgures are in Bnglfsb, the taxt is in Japanese. 
NA = not applicable, ND = not detennined, PEL = frank effect level. · 
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HUMAN STIJDIES 
Oral E:sposures 

No studies were identified on the oral exposure of sulfolane to humans. 

Inhalation Exposures 
No studies were identified on the inhalation exposure of sulfolane to humans 

ANIMAL STUDIES 
Onl~ures 

FINAL 
1-30-2012 

The effects of oral exposure of animals to sulfolane have been evaluated in several 
subchronic-duration studies (i.e., Huntingdon Life Sciences, 200 1; Ministry of Health ~ 
Welfare Japan, 1996a, and as summarized in OECD 2004; Zhu et al., 1987), one 6-month 
chronic-duration study (Zhu et al., 1987), one developmental (Zhu et a1.,· 198.7), and one 
screening-level reproductive study (Ministry of Health and Welfare Japan, 1999, and, as 
summarized in OECD 2004). No carcinogenicity studies of animals orally exposed to sulfolane 
have been identified in the literature. 

Sllbchronlc Studla 
Huntingdon Life Sciences (2001) 
The 13-week drinking water study in rats (H1mtingdon Life Sciences, 2001) is selected as 

the principal study for derivation of the subcbronic and chronic p-RtDs. In a GLP-compliant, 
peer-reviewed 1 study by Huntingdon Life Sciences (2001), the study authors administered 
sulfolane (purity unreported) to CD rats (1 0/sexlgroup) in drinking water at 'concen1lations of 0, 

· 25, 100, 400, or 1600 mgiL for 13 weeks. The study authors calculated the actual dosages to be 
2.1, 8.8, 3S.O, and 131.7 mwq-day, respectively, for males and 2.9, 10.6, 42.0, and 
191.1 mWJ.cg-day, respectively, for females. Analytical measurements performed by the study 
authors indicated that sulfolane was stable in driDking water for 8 days at ambient temperatures 
and that actual doses were within acceptable limits (96.3-1 09'.4 of nominal poncentrations). 
Animals were 26-30 days old when supplied by Charles River (UK) Limited, Margate, Kent, 
England At the beginning of treatment, animals were 39-43 days old Males weighed 
167-215 g, and females weighed 142-180 g. 

Animals were housed in a controlled environment. Temperatures were kept between 
19-23°C, and relative humidity was kept between 40-700A.. Lighting was supplied in a 12-hour 
light/dark cycle. The rOdent facility was designed and maintained to prevent contamination with 
external biological and chemical agents. Rats were kept in stainless steel cages with five rats of 
the same sex in each cage. Food (Rat and Mouse No. 1 Maintenance Diet, Special Services, 
Ltd., Witham, Essex, England) was provided freely, except on nights before blood sampling. 
Public tap water was supplied ad h"bitum in polycarbonate water bottles. Diet and water analyses 
did not indicate any signs of contamination that may ~ave affected the study. 

The study authors examined animals at least twice per day for treatment-related effects 
and disease. Detailed physical examinations were performed on~ per week for each animal. 
Body weight was recorded during acclimatization, at Week 0, once per week throughout 
treatment, and again at study termination. Food consumption was measured by weighing 
supplied food and measuring spilled food Mean weekly consumption and food conversion 

1Peer-reviewecl indepeudently as part of this review. 
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efficiency were calculated using these data. Water consumption was recorded weekly. All 
animals were given eye examinations before treatment, focusing on the adnexa, conjunctivae, 
comea and ~lera, anterior chamber and iris, lens, and vitreous and ocular fundus. Any animals 
with ocular abnormalities were replaced with healthy animals. During Week 13 of treatment, 
study authors examined the eyes of animals in the control and high-dose groups. 

The study authors performed functional observational battery tests at various times 
throughout the study. Before treatment and once weekly throughout treatment, animals were 
examined in the hand for exophthalmos, fur condition, lacrimation, piloerection, reactivity to 
handling. ease of removal from cage, salivation, and vocaHz.ation on handling. Afterwards 
activity counts, arousal, convulsion, defecation count, gait, grooming, palpebral closure, posture, 
rearing count, tremor, twitches, and urination were assessed during a I -minute period in a 
standard area. Before treatment and dming Weeks 6 and 12, animals were examined for 
approach response, auditor.y startle reflex, body temperature, body weight, grip strength 
(forelimbs and hindlimbs), landing foot splay, tail pinch response, pupil reflex, righting reflex, 
and touch response. Motor activity was measured before treatment and dming Weeks 6 and 12 
using infrared sensor equipment on animals for 1 hom. · 

During Week 13, blood samples were collected and examined for hematocrit, 
hemoglobin, erythrocyte count, total and differential leukocyte count, platelet count, mean cell 
hemoglobin (MCH), mean ceU volume (MCV), and mean cell hemoglobin concentration 
(MCHC). Romanowsky stains of blood films were examined using light microscopy for 
abnonnal morphology and unusual cell types. Prothrombin time (P'I) and aCtivated partial 
thromboplastin time (APTI) were also measured in additional samples. Blood cell counts also 
reported large unstained cells (LUCs), which are thought to be larger than normal or atypical 
lymphocytes. During Week 13, blood plasma was analyzed for alanine aminotransferase (ALT), 
aspartate aminotransferase (AS1), glucose, total cholesterol, creatinine, urea, tOtal protein, 
albumin, albumin/globulin ratio, and sodium and potassium concentrations . . 

At sacrifice, the study authors performed a full necropsy including examination of the 
external body and orifices; neck; and cranial, thoracic, abdominal, and pelvic cavities including 
their viscera. The study authors recorded organ weights (with bilateral organs weighed together) 
for the adrenals, brain, epididymides, heart, kidneys, liver, ovaries, spleen, testes, thymus, and 
uterus with cervix. The following organs were preserved with 1 Oo/o neutral buffered formalin 
(except testes and epididymides, which were preserved in Bouin's fluid and then 700.4. industrial 
methylated spirits) and examined microscopically: adrenals, aorta, brain, cecum, colon, 
duodenum, epididymides, femm (with joint), heart, ileum, jejunum, kidneys, liver, lungs (with 
brondli), lymph nodes, mammary area, esophagus, ovaries, pancreas, pituitary, prostate, rectum, 
salivary gland, sciatic nerve, seminal vesicles, skin, spinal cord, spleen, sternum, stomach, testes, 
thymus, thyroid with parathyroids, trachea, urinary bladder, and uterus with·cervix. 

In control and high-dose animals, tissue samples were sectioned and stained from the 
adrenals (cortex and medulla), brain (cerebellmn, cerebrum, and midbrain), femur, heart, ileum, 
kidneys, liver, lungs, mammary area (including overlying skin), spinal cord, stomach, thyroid, 
uterus, and testes. The study report indicates that kidneys were examined in the 2.1-, 8.8-, and 
35.0-mglkg-day groups (males) and 2.9-, 10.6-, and 42.0-mglkg-day groups.(females). The 
study authors also examined any abnormal tissues observed in control and all treatment groups. 
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The study authors did not observe any deaths or treatment-related clinical signs in either 
males or females. Study authors did not observe treatment-related findings in body weight (see 
Table B.l ), food and water consumption, ocular examinations, functional observational battery 
tests, organ weight, or macroscopic tissue examination in males or females. Food conversion 
efficiency was slightly lower than controls during Week 1 in animals receiving the highest dose 
level (see Table B.2). However, after this time point, food efficiency was roughly comparable 
with controls in all groups. Females receiving 2.9 mg/kg-day of sulfolane had increased 
~y-weigbt gain compared with controls but it was not significant Females exhibited 
statistically significant decreases in total white blood cells (WBCs), lymphocyte, monocyte, 
basophil, and LUC counts compared with controls in the 10.6-, 42.0-, and 191.1-mglkg-day dose 
groups (see Table B.3). Jnfonnation was not provided about neutrophils or other cell types, and 
it is assumed these did not change. Males did not experience similar decreases in these cell 
counts. There were other intergroup hematological differences reaching statistical significance, 
with little or no biological relevance, including slightly prolonged prothrombin times in 
high-dose males and increased mean cell volumes and reduced activated partial thromboplastin 
times in high-dose females. LUCs were significantly lower in males at 35.0 and 
131.7 mglkg-day compared with control, but the study authors noted there were high values in 
two of the control animals. Basophils were also significantly different from controls at the two 
highest doses in both genders. 

Males in the high-dose group (i.e., 131.7 mglkg-day) experienced lowered ALT activities 
and elevated creatinine concentrations in Week 13 that were statistically significantly different 
than controls (see .Table B.4). Males in the high-dose group had statistically lower AST 
activities, but authors noted that the mean value in controls was higher due to unusually high 
levels in two animals. The high-dose animals also displayed reduced plasma sodium 
concentration compared with controls, but the study authors attributed this decrease to a very low 
value in one control animal. Histopathological examinations indicated that males dosed with 
35.0 and 131.7 mglkg-day had an increasing incidence and severity of hyaline droplets in the 
cortical tubules of the kidneys, and increased cortical tubular basophilia; this effect was 
considered treatment related (see Table B.5). High-dose males also experienced a slightly 
elevated incidence of granular casts of the renal medulla compared with controls. These effects 
were not seen in females. · 

Although there was no assay of functional manifestation of the white cell decreases such 
as decreased inflammation or compromised immune function, or other effects to the organs of 
the immune system, the decreases in white cell counts seen in female rats are broad (seen in 
several cell types), statistically significant, and dose related. Additionally, there was a 
statistically significant decrease in the spleen weights at the high dose, which supports the 
immune suppression effect. Also, this effect has been consistently reported in several other 
studies of sulfolane exposures (albeit at higher exposures) in a different rat strain (Crj :CD[S-D]), 
species (guinea pigs), and route of exposure (mhalation) (Zhu et al., 1987; Andersen et al., 
1977). A LOAEL of 10.6 mglkg-day and NOAEL of2.9 mglkg-day were identified in female 
rats based on significant decreases in total WBCs, lymphocyte, monocyte, basophil, and LUC 
counts. 

Ministry of Health and Welfare Japan (1996a, cited in OECD, 2004) 
In a GLP-compliant, peer-reviewed study, the Ministry of Health and Welfare Japan 

(1996a, cited in OECD, 2004) administered sulfolane (vehicle and purity unreported) by gavage 
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to 5-week old male and female Crj:CD(S-D) rats (source unreported) at dose levels of 0, 60, 200, 
or 700 mglkg-day for 28 days. The study report was written in Japanese, but it is summarized 
here based on secondary information from 1he Organisation for Economic Cooperation and 
Development (OBCD, 2004). Additionally, the data tables in the Ministry of Health and Welfare 
Japan study report are available in English. There were 6 animals/sex in the 60- and 
200-mglkg-day groups and.l2 animals/sex for the groups dosed atO and 700 mglkg-day. After 
28 days of treatment, 6 animals in the control and 6 in the 700 mglkg-day groups were observed 
for a 14-day recovery period. The exact methods, animal husbandry, and statistical procedures 
performed by the Ministry of Health and Welfare Japan were not xcported by the OECD. 

There were no deaths in the control or treatment groups. Males in the 700-mglkg-day 
group experienced significantly (p < 0.01) lower absolute body weight compared with controls 
throughout treatment (12-14% body-weight depression from Days 3-28), while high-dose 
females only differed significantly (p < 0.01) :from controls for the :6nt 14 days of treatment 
(11% absolute body-weight depression only on Day 3) (see Table B.6). High-dose males 
experienced significantly (p = 0.01) decreased food consumption for the first 3 weeks of 
treatment, while females had significantly (p < 0.01) decreased food consumption the first week 
of treatment (see Table B.7). High-dose females experienced decreased locomotor activity 
(3/12 animals; see Table B.8) during the beginning of the treatment period. Hematology 
revealed that all dosed male groups bad significantly (p = 0.05) slightly decreased (2-3%) mean 
cell hemoglobin concentration (MCHC) after 28 days of treatment, but there was no decrease 
observed after the 14-day recovery period (see Table B.9). WBC counts in males of the 
high-dose group were significantly higher (p = 0.05) compared with control only after the 
recovery period and not after the 28-day treatment period. Because only the control and the 
high-dose groups were examined after recovery, a dose response could not be evaluated. Effects 
on WBCs in treated females were not observed. High-dose females had sigJ;lificantly reduced 
mean red blood cell counts (RBCs) and significantly increased mean cell volume (MCV) 
compared with controls after recovery (p = 0.01; see Table B.9). The high-dose males had 
decreased chloride (<2%) and increased cholinesterase activity (6()0/o) and total bilirubin (29%), 
but all three parameters returned to normal after the recovery period. The high-dose females had 
elevated ALT (46% above control) and decreased glucose (IS% below control) (see Table B.lO). 
High-dose male rats experienced significantly increased (p = 0.05) relative kidney, brain and 
heart weight (see Table B.ll), and increased incidence and severity of hyaline droplets and 
eosinophilic bodies in the renal tubules at both 200 and 700 mglkg-day (see Table B.12). Based 
on observed kidney effects in male rats, a LOAEL of200 mglkg-day and a NOAEL of 
60 mglkg-day were identified. 

Zhu et ai. (1987) 
In a single published study tbat was translated from Chinese for this review, 

Zhu et al. (1987) conducted a series of studies on the acute, subchronic (90-day), and chronic 
(6-mon1h) oral toxicity of sulfolane in mice, white rats, and guinea pigs. Study authors also 
conduc1ed a teratogenicity test and several gcnotoxicity tests (Ames, bone marrow micronucleus 
test, and sister chromatid exchange test). The studies are referred to as Zhu et al. (1987a) for the 
subchronic test on white rats, Zhu et al. (1987b) for the subcbronic test on guinea pigs, Zhu et al. 
(1987c) for the chronic, 6-month toxicity test on guinea pigs, Zhu et al. (1987d) for the 
developmental toxicity test, and Zhu et al. (1987e) (see Table 4A) for the genotoxicity tests. The 
Zhu et al. (1987) study is considered a peer-reviewed study because it was reported in a Health 
Consultation by ATSDR (20 1 Oa). The study authors did not state whether the experiment 
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adhered to GLP guidelines and did not provide data tables in the translation. This report appears 
to be an extended abstract of the original study with very little useful information for risk 
assessment pmposes. There is, for example, no clear indication of histopathological examination 
of any tissues in any test descn"bed, save for the spleen and liver in the 6-montb. study. This lack 
of results precludes assigning any effect levels at least to the 90-day test reports. 

Zhu et al. (1987a) 
Zhu et al. (1987a) conducted an oral toxicity study on 80 white rats (sex, age, strain not 

specified) at doses ofO, SS.6. 167, or SOO mglkg-day sulfolane (purity, vehicle not specified) for 
90 days. Study authors did not specify the type (e.g .• gavage, drinking water, diet) or ftequency 
of oral administration. It is unclear from the translated study report whether the dosing units 
were reported as mglkg food or mglkg body weight; however, the review by ATSDR (2010a) 
cites the units as mglkg body weight per day. After 90 days, the study authors sacrificed animals 
by femoral artery bleed and measured biochemical parameters, "organ inde~ n and pathology 
with no mention of histopathology. The study authors did not delineate the specific biochemical 
parameters examined, nor did they specify the meaning of"organ index." Additionally, the 
study authors did not provide data tables nor report the type of statistical procedures performed, 
but they did provide p-values to indicate statistical significance. 

In rats, no significant changes in biochemical parameters or pathology were reported in 
the low- and mid-dose groups. However, the study authors reported significant changes in the 
high-dose group (SOO mglkg-day) including changes in mine volume, increased gamma glutamyl 
transferase activity in the urine, decreased senun alkaline phosphatase (ALP) activity, decreased 
ICD (undefined in the study report, but likely serum isocitrate dehydrogenase), and decreased 
thrombin. The study authors stated that other examine4 parameters did not exhibit statistically 
significant changes. 

Zhu et al. (1987b) 
Zhu et al. (1987b) conducted an oral toxicity study on 80 guinea pigs total (sex, age, 

group size, strain not clearly indicated) at doses ofO, 55.6,167, or 500 mglkg-day sulfolane 
(purity, vehicle not specified) for 90 days (see description of doses in Zhu et al., 1987a). After 
90 days, study authors sacrificed animals by femoral artery bleed and measUred specific 
biochemical parameters, "organ index," and pathology with no mention of histopathology. The 
study authors did not delineate the specific biochemical parameters examined, nor did they 
specify the meaning of"organ index." Additionally, the study authors did not report the type of 
statistical procedures performed, but they did provide p-values to indicate statistical significance. 
In guinea pigs, WBC counts were significantly (p < O.OS) decreased relative. to controls values in 
all dose groups, although no other indication of dose response is described or given. 

Chronic Study 
Zhu et al. (1987c) 
Study authors conducted a 6-month, chronic toxicity study where guinea pigs 

(20/sex/dose) were orally dosed with sulfolane (vehicle and purity not reported) at dose levels of 
0, 0.25, 2.5, 25, or 250 mglkg-day. The translation of.the study did not specify the type or 
frequency of oral exposure (e.g., gavage, diet, drinking water). The study authors conducted 
biochemical and pathological evaluations on a subset of animals during an interim sacrifice at 
3 months and at the end of the study at 6 months. This infonnation is the only experimental 
design information provided in the translation. The translation did not state the specific 
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biochemical parameters, organs examined, or whether the "pathology" mentioned was gross 
pathology or histopathological. The study authors did not provide data tables; however, study 
authors did provide some values for biochemical parameters and incidence of pathology in the 
written ~ve. The translated study did not mention any methods for statistical analysis. the 
data :from the interim sacrifice at 3 months is considered subcbronic-duration data. 

At the 3-month interim sacrifice, the study authors reported that ALT, AST, and Dl&ITOW 

cell number were lower than controls (see Table B.13). It is not clear from the study report 
which values were statistically significant Incidence for shrinkage of white pulp in the spleen in 
the 0-,025-, 2.5-, 25-, and 250-mglkg-day groups were reported as 0/14,0/14, 1114,2/14, and 
6/14, respectively. The study authors did not present any statistical analysis on data for 
incidence of white pulp shrinkage in the spleen. Shrinkage in this area may be related to 
decreased cellularity, which may occur after exposure to agents that cause necrosis of 
lymphocytes, T -lymphocytes in. particular (Elmore, 2006). At 6 months, the study authors 
reported that the "organ coefficient" of the male guinea pig liver was 40.2 and significantly 
different from the control group, but the study authors did not specify the meaning of this term. 
The study authors also reported a dose-response relationship in the increased incidence of fatty 
degeneration of the liver. This :f8tty degeneration of the liver is given once in the report, 
apparently as a total incidence for control and increasing exposures (0/25, 0122, '1f1.6, 4125, and 
7 122), and then again as "significant degeneration" at 2.5 mglkg-day (1/26), 2S mglkg-day 
(2125), and 250 mglkg-day (5122). Likewise, sbrinkage of splenic white pulp was noted in these . 
"significant" liver exposure groups: '1f1.6 at 2.5 mg/kg-day, ms at 25 mglkg-day, and 7122 at 
250 mglkg-day (see Table B.13). Based on these reported histopathological results, a NOAEL of 
0.25 mglkg-day and a LOAEL of 2.5 mglkg-day are designated. 

Developlftelfltll Struly 
Zhuetal. (1987d) 
Zhu et al. (1987d) conducted a developmental toxicity study where female Chinese 

Kunming mice (number not reported) were orally administered sulfolane (purity not reported) in 
distilled water vehicle at dose levels of 0, 93, 280, or 840 mWJcg-day on Gestational Days (GDs) 
6-15. A positive control (N' ,N-methylene-bis-2-amino-5-sulfhydryl-1,3,4-thiadianole) and 
negative control (distilled water) were also administered to pregnant mice. On GD 18, fetuses 
were removed, and bodies, organs, and skeletons were examined for abnormalities. The study 
authors provided no other experimental details or methods of statistical analysis. Study authors 
reported that the incidence of skeletal abnommlities in the highest dose group (840 mglkg-day) 
was significantly higher (p < 0.01, statistical test not reported) than the negative control. Study 
authors also stated that the number of fetal resorptions at the highest dose was greater than that 
of the negative control (30.160/a versus 13.53%, respectively), but statistical significance was not 
specified. There were no skeletal abnonnalities observed in pups in the 280-mglkg-day group. 
Data &om the study indicate a maternal and developmental NOAEL of 280 mglkg-day and 
corresponding LOAEL of840 mglkg-day. Although study authors did not indicate whether GLP 
was followed, the study is considered acceptable because both skeletal and visceral observations 
of the pups were made, and abnormalities in pups were detected after treatnient with sulfolane. 

Reproductive ~ruly 
Ministry of Health and Welfare Japan (1999) 
The Ministry ofHealth and Welfare Japan (1999) conducted a one-generation 

reproductive/developmental toxicity screening test that was peer-reviewed by OECD (2004). 
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The study report is written in Japanese, but it is summarized here based on secondary 
infonnation from OECD (2004). Additionally, the data tables in the Ministry of Health and 

Welfare Japan study report are available in English. The study followed OECD 421 guidelines 

and was conducted under GLP standards. Study authors administered sulfolane (purity 

unreported) in water by gavage to 10-week-old Ctj:CD(S-D) rats (12/sex/group) at doses ofO, 
60,200, or 700 mglkg-day for41-SO days. The dosing period extended from 14 days before 

mating to Lactation Day 3. Males and females were cohoused at a ratio of 1:1 for 14 days wttil 
proof of copulation. Clinical observations for general appearance were conducted twice per day 
for the parental generation and once per day for pups. During the mating period, body weight 

and food consumption were measured twice per week and then once per week in females during 

the gestation and lactation period. Estrous cycle was monitored daily until successful copulation. 

Study authors recorded the following parameters: number of successful copulated pairs, 

copulation index, paring days until copulation, number of pregnant females, fertility index, 
number of corpora lutea, number of implantation sites, implantation index, number of living 

pregnant females, number of pregnant females with parturition, gestation length, number of 

pregnant females with live pups on Day 0, gestation index, nmnber of ~gnant females with live 
pups on Day 4, delivery index, number of pups alive on Day 0 of lactation, live birth index, sex · 

ratio, number of pups alive on Day 4 of lactation, viability index, and body weight of live pups 
(on Days 0 and 4). At necropsy, study authors collected organ weights in the parental generation 
for testes, epididymides, and ovaries. Microscopic examinations ofthese organs were conducted 

for animals in the high-dose group only. Pups were examined macroscopically but apparently 

did not include a detailed organ or skeletal examination. 

One high-dose male and one high-dose female died dwing the treatment period. 

High-dose animals of both sexes experienced statistically significantly decreased body-weight 
gain and food consmnption during premating; body-weight gain in high-dose males was 

significantly (p < 0.01) decreased throughout the duration of the study (see Tables B.14 and 
B.IS). Study authors also reported soiled fur, dimhea, and soft stool in males at the 

700-mglkg-day dose group. In females of the 700-mg/kg-day dose group, study authors 
observed soiled fur during premating and increased relative ovary weight at necropsy (see 
Table B.16). Females dosed with 700 mg/kg-day had fewer emous cycles (see Table B.17). 
The high-dose female group also experienced significantly decreased (p < 0.01) birth index, live 

birth index. and number of pups (on Lac1ation Days 1 and 4, da1a shown for LD-4 only; see 

Table B.18). The number of stillbirths was also significantly increased (p < 0.01) in this group. 

Four dams from this group experienced total litter loss during lactation. Furthermore, the 
females dosed with 200 mglkg-day had significantly (p < O.OS) decreased delivery and birth 

indices (see Table B.18). Mean pup weight was significantly decreased on Lactation Day 0 and 
4 in the 700-mglkg-day group (p < 0.01) (see Table B.l9). Mean litter weights were 
significantly decreased (p < O.OS) compared to control at ~00 mglkg-day. At necropsy, study 

authors did not observe external anomalies in any of the treated pups. A NOABL of 
60 mWicg-day for reproductive and developmental toxicity based on decreased delivery and birth 
indexes was identified. The LOABL was 200 mglkg-day. · 

Limitations of the study report include lack of individual body weight, food consumption, 
uterine weight, and ovarian follicle counts data. Female estrous cycles were counted for 14 days 

prior to mating, but authors did not report measures of cycle length. Although male rats were 
examined for reproductive organ atrophy and sperm count, sperm motility and morphology were 

not measured by study authon. 
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No human or animal studies pertaining to carcinogenicity of sulfolane via the oral 
exposure route were identified in the literature. 

Inhalation bposnres 
The effects of inhalation exposure of animals to sulfolane have been evaluated in one 

subchronic study testing multiple species (i.e., Andersen et al., 1977). No chronic-duration, 
developmental, reproductive, or carcinogenicity studies via inhalation exposures have been 
identified in the literature. 

Subchronlc Study 
Andersen et al. (1977) 
In a published, peer-reviewed study, Andersen et al. (1977) conducted a series of tests 

investigating the subchronic inhalation toxicity of sulfolane to rats, guinea pigs, dogs, and 
squirrel monkeys. For the subchronic studies, both discontinuous repeated and 
continual-exposure regimens were implemented by study authors. The methods and results for 
each exposure group, species, and dosing regimens were not clearly reported. For the sake of 
clarity, the study is divided into eight separate summaries (Andersen et al., \977a-h) based on 
species and exposure regimen (repeated versus continual). The citation and associated 
experimental design for the subchronic studies are summarized in Table 3. Particle 
measurements given in the report, "a mean particle size between 1-4 microns in diameter" are 
sufficient to validate the study by indicating that the material could be breathed into the . 
respiratory tract. This information is, however, not sufficient to perfoim more foimal dosimetry 
that requires a measurement of mass median aerodynamic diameter (MMAD) and the variability, 
the sigma g, about that MMAD; th~fore, fonnal dosimetry conversion to HEC for respiratory 
and extrarespiratory effects is not conducted for this study. Exposure concentrations are duration 
adjusted from inteimittent exposure to continuous exposure 24 hours/day, 7 days/week 
(CONC1111j = CONC...S, fm mglm3

] x [Homs per Day Exposed+ 24] x [Days Exposed+ Total 
Study Days]). 

Table 3. Study Design and Citations for Andenen et al. (1977) 
Subchronic-Duration Inhalation Studies 

Citation Species and Exposure Regimen 

Andersen et aL, 1977a Rat, repeated exposure, 8 hr/d, s dlwk 

Andersen et al., 1977b Rat, continual axposure, 23 hrld, 7 dlwk 

Andersen et al., 1977c Guinea pig, repeated exposure, 8 hr/d, S dlwk 

Andersen et al., 1977d Guinea pig, continual exposure, 23 hrld, 7 dlwk 

Andersen et al., 1977e Dog. repeated exposure, 8 hrld, s dlwk 

Andersen et al., 1977f Dog. continual exposure, 23 brld, 7 dlwk 

Andersen et al., 1977g MODkey, repeated exposure, 8 hrld, S dlwk 

Andersen et al., 1977h Mcmkey, continual exposure, 23 hrld, 7 dlwk 
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For the various exposure regimens, study authors concluded that 20 mglm3 (19.2 m'l/m3 

adjusted for continuous exposure) was the no-effect level for the four species of animals tested 
(i.e., rats, guinea pigs, dogs, and squirrel monkeys). Thus, the results from all species are 
mutually supportive. However, for this review, a NOAEL and LOARL are established for each 
spcci~ and exposure regimen. 

Andersen et al. (1977a) 
Andersen et al. (1977a) exposed eight male and seven female Sprague-Dawley rats via 

whole-body inhalation exposure to a concentration of 495 ± 75 m'l/m3 (mean± standard 
deviation) aerosolized sulfolane-W (sulfolane plus 3% water to prevent freezing, purity 
unreported) for 8 hours/day, 5 days/week, for 27 exposure days over a total study duration of 
37 days. It is unclear from the study report whether a separate, untreated control group was 
tested. Study authors indicate changes "compared with controls" in the text; however, the use of 
an untreated control group was not stated in the experimental design. Adjusted daily 
concentration was calculated for a total study duration of 37 days (includes weekends) over 
24 hours/day, 7 days/week is 120 mg/m3

• Test concentrations within chambers were determined 
by chromatographic analysis at 6-hour intervals. Rats were housed in Rochester-type chambers 
with sulfolane reservoirs, and input lines were wrapped in heat tape and maintained above room 
temperature to prevent freezing. Airflow through the chambers was maintained at 1 m31min. 
Dry chow (unreported brand) and water were provided ad hoitum. Authors did not report if the 
study was conducted according to GLP standards. 

Authors determined body weights, total and differential leukocyte cqunts, hemoglobin 
concentrations, and hematocrit levels prior to and following exposure. The timepoint of 
postexposure sampling for the repeat-dose study is not clearly stated in the study report. 
Additional analyses perfonned after exposure included creatinine and urea nitrogen levels, 
cholesterol, lactate dehydrogenase (LDH), AST, AL T, and ALP activity. Rats were observed at 
unreported intervals for clinical signs of toxicity and abnormal behavior. Authors collected 
24-hour urine samples and recorded pH, protein, sugar, ketone bodies, and occult blood. 
Histopathological analysis was performed on tissues from the bmg, bronchus, heart, kidney, bile 
duct, liver, spleen, stomach, intestine, pancreas, cerebellum, esophagus, thyroid, trachea, lymph 
node, bladder, and aorta of an unreported number of animals. Authors used Student's t-test to 
compare preexposure and postexposure levels (p < 0.05). 

Andersen et al. (1977a) observed no mortalities or significant differences in hematology 
or body weight between preexposure and postexposure levels. A small, nonsignificant decrease 
in WBC count in sulfolane-treated rats versus control was reported; however, specific values 
were not reported. Authors observed chronic lung inflammation in all animals but provided no 
infonnation regarding severity. Study authors reported chronic liver inflammation in 1/5 males 
and 313 females; however, they did not address the inconsistencies between the number of 
animals reported in each dose group (n = 8 males, 7 females) and the number of animals 
examined for pathology (n = 5 males, 3 females). Authors concluded that sulfolane vapor is not 
toxic to rats under these experimental conditions. However, based on chronic lung and liver 
inflammation observed in rats at the only concentration tested, a LOAEL of 120 mglm3 is 
established. 
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· Andersen et al. (I977b) administered sulfolane by whole-body inhalation exposure to 
Sprague-Dawl~ rats at concentrations of2.8 ± 1.4 mg/m3 for 90 days (n = IS males). 
4.0 ± I.O mglm for IIO days (n = IS males), or 20 ± 6.7 myjm3 for 95 days (n = 8 males, 
7 females) for 23 hours/day, 7 clays/week. Adjusted daily concentrations calculated for 
continuous exposure over 24 hours/day, 7 days/week are 2.7, 3.8, and I9.2 mglm3• No con1rol 
group was examined for this study. The test substance used, the method of test concentration 
determination, and animal husbandry are as reported in Andersen et al. (I977a). Authors did not 
report if this study was conducted in compliance with GLP standards. 

Animals were weighed and blood drawn for analysis prior to exposure, after 30 exposure 
days, after 60 exposure days, and "at the end of exposure." The exact time interval for 
postexposure examination is unclear. Authors examined all endpoints reported in Andersen et al. 
(I977a) and used Student's t-test to compare preexposure and postexposure data. 

Andersen et al. (I977b) reported no mortalities or significant changes in hematology, 
biochemistry, or body weight between preexposure and postex:posure observations. One rat (sex 
not reported) at the I9.2 myjm3 concentration was observed to have a small circumscribed 
peripheral liver lesion, and '1J7 females at the same exposure had slightly elevated AST, ALT, 
and LDH activity levels. Authors reported that the liver lesion was not considered to be related 
to sulfolane exposure, and the dose-related nature of the clinical chemistry observations was 
unclear. A NOAEL of 19.2 mg/m3 is established. 

Andersen et al. (1977c) 
Andersen et al. (I977c) also exposed 8 male and 7 female Hartley-derived guinea pigs to 

a concentration of 495 ± 15 mg!m3 sulfolane by whole-body inhaimon exposure for 8 hours/day, 
S days/week, for 27 exposure days. The test chemical used is described in Andersen et al. 
(1977a). Adjusted daily concentration calculated for a to1al study duration of 37 days (includes 
weekends) and 24-hour treatment is 120 mflm3

• It is unclear if an untreated control group was 
used in this study. Determinations of test concentrations within chambers and husbandry are as 
described in Andersen et al. (1977a). 

Study authors weighed animals and examined hematology prior to exposure. Total and 
differential leukocyte counts, hemoglobin concentrations, and hematocrit were determined and 
reevaluated after exposure (exact time interval for postexposure examination is unclear). 
Endpoints examined are those reported in Andersen et al. (1977a). 

Andersen et al. (1977c) reported no significant differences in preex:posure and 
postexposure body weight, hematology, or biochemistry. Preexposure and postex:posure WBC, 
hematocrit, and hemoglobin counts are reported in Table B.20. Although a ~ntrol group is 
reported in this table, authors do not mention an untreated group, and it is unclear what this 
"control" group represents. Authors reported that some degree of chronic lung inflammation 
(incidence and severity unreported) was observed in all anjmals. Authors concluded that 
sulfolane vapor is not toxic to guinea pigs under these experimental conditions. However, based 
on lung jnflammation in guinea pigs, a LOAEL of 120 mg/m3 is established. The LOAEL 
represents the only dose tf/sted in this experiment 
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Andersen et al. (1977d) 
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Andersen et al. (1977d) exposed Hartley-derived guinea pigs via whole-body inhalation 
to sulfolane at concentrations of2.8 ± 1.4 mg/m3 for 90 days (n =IS males), 4.0 ± 1.0 mglm3 for 
110 days (n =IS males), 20:1:6.7 mg!m3 for 95 days (n = 8 males, 7 females), 159:1:68 mg!m3 

for 85 days (n = 24 males, 24 females), or 200 :1: 48 mglm3 for 90 days (n = 15 males, 
15 females) exposure for 23 hours/day, 7 days/week. The test chemical used is described in 
Andersen et al. (1977a). Adjusted daily concentrations calculated for continuous exposure over 
24 hours/day, 7 days/week are 2.7, 3.8, 19.2, 152, and 192 mglm3

, respectively. It is unclear if 
an untreated control group was used in this study. Some data tables within the study report 
indicate a control group, but study authors do not explicitly mention this group in the methods 
section. Determination of test concentrations within chambers and husbandry are as described in 
Andersen et al. (1977a). 

Study authors weighed animals and drew blood for analysis prior to exposure, after 
30 exposure days, after 60 exposure days, and "following exposure" (Andersen et al., 1977d). 
The exact time interval ofpo~ examination is unclear. Guinea pip (exact number 
unreported) in the 152-mg/m3 CXpo8!11"C-group were also bled from the toe at 10-day intervals. 
Authors report that in the 192-mgfm3 exposure group, eight males and two females were bled 
after 20 exposure-days and that five males and five females were removed at 30 and 
60 exposure-days_ for examination of body weight, hematology, biochemistry, and necropsy. 
Tissues from half of these animaJs were histopathologically examined. Authors examined all 
endpoints reported previously {Andersen et al., 1977a) and used Student's t-test to compare 
preexposure and postexposure data. 

Authors reported no mortalities, signs of clinical toxicity, or changes in bodl weight, 
hematology, biochemistry, or treatment-related pathology at exposures S152 mgfm . In the 
19 :2-m'i/m3 exposure group, study authors observed pale livers that they did not consider related 
to sulfolane trea1ment, but they did not provide details regarding incidence or severity of the 
effect. 

Authors reported significantly decrcasecl WBC count in the highest exposure group 
(192 mg/m~ compared with preexposure levels on Days 20, 30, and 90---but not Day 60 (see 
Table B:ll). However, the data table provided by study authors includes an untreated control 
group that is not mentioned in their explanation of methods, and it is unclear what this "control" 
group fepresents. The WBC count data are not ameuable to BMD modeling because the number 
of animals in each exposure group was not clearly stated. No significant changes in body weight 
or enzyme activity levels were observed at the 192 mgfm3 level, although slight, nonsignificant 
increases in plasma AST and AL T activities were observed at 30 and 60 days. No significant 
changes in hematocrit or hemoglobin counts were observed at any postexposure ~ampling period 
at the 152- or 192-mglm3 groups. Chronic pleuritis was observed in alllO guinea pigs in the 
192-mglm3 group necropsied at 30 days. Authors reported fatty vacuolization in 4/5 guinea pig 
livers at 30 days, 6fl at 60 days, and 4/5 at 90 days; however, the inconsistencies between the 
nwnber of animals reported to be necropsied previously in the study (0 at 30 days, 5 of each sex 
at 60 and 90 days) and those reported to be observed (S at 30 days, 7 at 60 days, and 5 at 
90 days) were not addressed. Based on chronic pleuritis, decreased WBC counts, and fatty 
vacuolation in liver of guinea pigs, a NOAEL of 152 mgfm3 is established, with a corresponding 
LOAEL of 192 mglm3• 
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Andersen et al. (1977e) 
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Andersen et al. (1977e) also exposed two male beagle dogs to a concentration of 
495 :1: 75 mglm3 sulfolane by whole-body inhalation exposure for 8 hours/day, S days/week, for 
27 exposure days. The test chemical used is described in Andersen et al. (1977a). The adjusted 
daily concentration calculated for a total study duration of 37 days (mcludes weekends) and 
24 hours/day, 7 days/week is 120 mg/m3

• No untreated control group was used in this study. 

Determination of test concentrations within chambers and husbandry are as descnbed previously 
(Andersen et al., 1977a). 

Parameters examined in Andersen et al. (1977e) are as described in Andersen et al. 

(1977a) with the exception that urine samples were not collected. Authors observed no 
significant changes in body weight, hematology, biochemistry, or pathology. Chronic lung 
inflammation was observed in both animals (severity not reported). A LOAEL of 120 mglm3 is 
established based on chronic lung inflammation. 

.Andersen et al. (1977j) . 
The aubc:hronic inhalation study (Andenen et al., 1977f) is selected as the principal 

study for derivation of the aubchronic RfC and screening chronic RfC. Andersen et al. 
(1977f) exposed male b~e dogs to concentrations of2.8 :l:: 1.4 mglm3 sulfolane for 90 days 
(n = 1 ), 4.0 = 1.0 mg/m3 for 110 days (n = 1 ), 20 :1: 6. 7 mglm3 for 95 days (n = 2), or 
200 :l:: 48 myjm3 for 90 days (n = 4) by whole-body inhalation exposure for 23 hours/day, 
7 days/week. Adjusted daily conccn1rations calculated for continuous treatment over 
24 hourslday, 7 days/week are 2.7, 3.8, 19.2, and 192 mglm3

, respectively. The test chemical 
used is described in Andersen et al. (1977a). No untreated control group was used in this study. 

Detennination of test concentrations within chambers and husbandry methods are descnbed 
previously (Andersen et al., 1977a). 

Authors examined parauieters previously detailed in Andersen et al. (1977a) with the 
exception that urine samples were not collected. Authors observed no mortalities, signs of 
clinical toxicity, changes in body weight, hematology, biochemistry, or pathology for the three 
low-exposure levels (S19.2 mglm~. 

At the 192 my/m3 exposure-level, authors reported intermittent convulsions (mcidence 
· and severity not reported) and frequent displays of fiercely aggressive behavior both toward 
other dogs and their handlers. During periods of conwlsive activity, authors noted episodic, 
slow, and labored breathing. Authors sacrificed one dog on Exposure Day 11 after the animal 
experienced many severe generalized motor seizures. Another dog was sacrificed on Exposure 
Day 29 after becoming so aggressive as to be considered a danger to the handlers. A third dog 
was removed from the testing chamber after 13 exposure days due to dangerously aggressive 
behavio~ After a 29-day recuperative period, the dog was returned to the testing chamber but 
died 7 days later (Exposure Day 49) during a violent convulsion. The fourth dog was removed 
from the chamber on Exposuro Day 27 (specific reason not given), allowed to recuperate for 
3 days, and survived the full 90 days. Gross pathologic evaluation showed that three of four 
dogs had pneumonia, and in two of these cases, histologic examination revealed chronically 
inflamed and hemorrhagic lungs. Authors concluded that these effects were probably due to a 
combination of pulmonary and nervous system toxicity. Clinical chemistry measurements taken 
at Day 60 revealed grossly elevated plasma AST, ALT, and LDH levels in one dog (360, 111, 
and 96 RJIL, respectively; study authors did not report values for an untreated control). 
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No effects were observed at the 19.2 mg!m3 exposure level, while animals at the 
next-highest dose exhibited frank effects such as severe motor seizures, conwlsions, and death. 
Based on information in the study, a FEL of 192 mg/m3 and a NOAEL of 19.2 mglm3 are 
identified. The NOAEL is used as the POD for derivation of the subchronic and screening 
chronic p-RK:. 

Andersen et al. (1977g) 
Andersen et al. (1977g) also exposed nine male squirrel monkeys (Salmirl sciureus) to a 

concentration of 495 :t: 75 mg/m3 sulfolane by whole-body inhalation exposure for 8 hours/day, 
5 dayslweek, for 27 exposure days. The test chemical used is described in Andersen et al. 
(1977a). Adjusted daily concentration calculated for a total study duration of37 days (includes 
weekends) and continuous exposure 24 hours/day, 7 days/week is 120 mglm3• No untreated 
control group was used in this study. Determinations of test concentrations within chambers and 
husbandry are descn'bed previously (Andersen et al., 1977a). 

Parameters examined by Andersen et al. (1977g) are as described previously 
(Andersen et al., 1977a) with the exception that urine samples were not collected. Three animals 
died, one each on Days 7, 9, and 15. Five oth~ were sacrificed in extremis between Days 9 and 
17. Authors noted blood tinged fluid around the eyes (mcidence and severity not reported). 
Pathology revealed pale livers and hearts (incidence and severity not reported), and authors 
reported 5/6 monkeys had fatty metamorphosis of the fiver. Authors also reported a slight, 
statistically nonsignificant decrease in WBC count and some degree of chronic lung 
inflammation in all animals (severity not ~orted). Based on mortality observed at the only 
concentration tested, an FEL of 120 mg/m3 is established. 

.Andersen et al. (1977h) 
Andersen et al. (1977h) ~sed male squirrel monkeys (Saimiri sciJD'eus) to 

concentrations of2.8 ± 1.4 mg/m3 sulfolane for 90 days (n = 9J• 4.0 ± 1.0 m'g/m3 for 110 days 
(n = 9), 20 ± 6. 7 mpjm3 for 95 days (n = 6), or 200 ± 48 mg/m for 90 days (n = 2) by 
whole-body inhalation exposure for 23 hours/day, 7 days/week. The test chemical used is 
described in Andersen et al. (1977a). The adjusted daily concentrations calculated for 
continuous exposure over 24 hours/day, 7 days/week are 2.7, 3.8, 19.2, and 192 mglm3, 

respectively. No mrtreated control group was used in this study. Determinations of test 
concentrations within chambers and husbandry are as described in Andersen et al. (1977a). 

Authors examined parameters detailed in Andersen et al. (1977a) with the exception that 
urine samples were not collected. Authors observed no mortalities, signs of clinical toxicity, 
changes in body weight, hematology, biochemistry, or pathology for the three low-exposure 
levels (!519.2 mpjm3

). At the 192 mg!m3 exposure level, one animal died on Day 3, and the other 
was sacrificed in a moribund state on Day 4. Authors reported that both animals were heavily 
infested with parasites and that this could have contributed to their susceptl'bility. Authors also 
noted that the monkey sacrificed on Day 4 had chronic pleuritis. No other infonnation was 
provided. In this exposure regimen, a FEL (death) of 192 mpjm3 and a NOAEL of 19.2 mg/m3 

are identified. 
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The database of o1her experiments on sulfolane includes genotoxicity, effects on 
thermoregulation, toxicokinetics, and neurotoxicity. The genotoxicity studies are summarized in 
Table 4A while other studies are summarized in Table 48. 
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Table 4A. Summary of Salfolaae Geaotoucity 

Ruulta• 

Dote/ Without With 
Eodpolat Tat System Concentntion• Activation Activation Commeab 

Geaotoxldty madies in prokaryotic organisms 
Reverse mutation S. 1Jphltm11'fllm strains G-52.000 - - No pn~eipitation at any 

TA98, TAtOO, TA153S, psJpla concentralion with or without S9 
TA1S37, TA1538 
E. coli WP2, WP2uvrA 

SOS repair induction ND 

Genotolddty studies Ia noomaiiUilallan enkaryotle orgaolsms 
Mutation S. cerevi8iae G-SmglmL - -
Ra:ombination ND 
incluction 

. Chromosomal ND 
aberration 

Chromosomal ND 
malaegregation 

Mitotic arrest ND 

Genotolddty studies in mammallaa ~vitro 
Mutation Mouse lymphoma LS178Y o-1000 pglmL + + COnsidered positive by study 

TK.cells authon but DO dose-response 
observed 

Chromosomal CHLIIU 0, 0.3, 0.6, or - - No structUral aberratiooslpolyploidy 
abetrationa 1.2mglmL induced in coatinuous (24 or 48 hr) 

or short-term (6 hr) treatment 
Chromosomal Rat Hver, RIA cells o-tooo pr/mL - NA 
aberrations 

- -~ --
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Referenc:es 

Ministry ofHealth aDd Welfiare 
Japan (1996b) as reported in 
OBCD (2004); SheD Oil 
CO~y(1982);PhUHps 
Petroleum Co. (1994); 
Zhu et al. (1987e) 

Shell Oil COmpany (1982) 

PhiiUps Petroleum Co. (1994); 
also reported in OBCD (2004), 
however OECD cites sb.Jdy as 
"Phillips Petroleum Co. (1982)" 

M.iaistry ofHeallh and Welfare 
Japan (1996c) as reported iD 
OBCD(2004) 

SheD Oil Company (1982) 
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Table 4A. Summary of Sulfolane Genoto:Dcity 

ResuiCsb 

Dose/ Without . 
EDdpoiat Test System Coneentration• Activation 

Sister chromatid Chinese hamster ovary cells 0-6400Jlg/mL -
cxcbanp (SCB) 

Sister chromatid Human peripheral o. 0.01, 0.1. 1. -
exchange (SCE) lymphocytes 10mgfmL 

DNA damage ND 

DNAadducts ND 

Geaotoxldty studies In mammalt---ba vivo 

Mouse bone marrow 7-wk-old mouse (strain, sex 62.5, 125, 250, 
micronucleus test not specified); orally soo. 

administcrcd sulfolane 1000mglkg 

Chromosomal ND 
aberrations 

Sister chromatid ND 
exchange (SCE) 

DNA damage ND 

DNAadducts ND 

Mouse biochemical ND 
or visible specific 
locus test 
Dominant lethal ND 

Geaoto:ddty studies In subcellular l)'ltems 

DNA binding IND 
-- ----

IIJ..owest effective dose for positive results, highest dose 1l:sted fbr negative results. 
b+ =positive, - = negative, NA =not applicable, ND = no data, NR = not reported. 

-
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Growth inhibition at 6400 J!g/mL 
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Test Materials aad Methods 

CarciDogeaicity other ND 
than oralliohalalion 

Short-term studies ND 

MetaboUamf Male Wutar rat, femal11 rabbit 
1oxk:okinetics (species unspDCified); 100 mg in 

2 mL water i.p. iqjccticm. 

Metabolism/ Rat. 500 and 1000 mglkg i.v. 
toxicokioetics 

Metabolism/ 12 Sprague-Dawlcy (8-D) rat, 
1oxicokinetics 0.2 mL [3H]-sul1blane 

(95.3% radioohcmlcal purity. 
1.733 mCilmg specific 
radioactivity) iqjec:ted into 
ligated seotions of 01 tract. 
55 S-D rat, oral dose 
( 40uCi/100g bodyweigbt), 
blood aod orpos welshed aod 
measured for distribution. 
Pregnant S-D rat (numb• 
unspecified) killed 2 br after 
administratloa and examined for 
distribution 1o embryo. 
3 Male S-D rat, biliary tract 
plunging tubn collected bile 
every 10 min within 72 br af\er 
oral dose of [3Hj-sulfolane. 
S male 8-D rat, oral dosn, urine 
and tecea collected every 
10 min for 72 hr. 

Table 4B. Other Studies 

Resalts Coaelalfou 

0011 JDJUOf metaboJitllldllntified Sulfolane is 11XCI'IIIed maioly through urine 
(3-byc:lrox;ysulmae); metabolitll after l.p. iDjection. 
comprised 85% ofuriaary radioactivity. 

Sulfolane was excreted unchanged In Sulfolanc was rapidly distributed in rat after 
mine; porcentap of dose excreted i. v. administration. 
unchanged in the urine was >SOOAI 
between Days 0 aod 2 at 1000 mglkg; 
plasma half-life was 3.5-S br. 

Major absorption site was small Sulfolane is rapidly and completely absorbed 
intestine. half life for absorption is aod distributed throughout the body; 
D.lS hr; T- (time 1o maximum plasma excretion occurs mainly through the urine, 
concentration) Ia 1.16 br; [~folane with some excretion through the feces. 
present in every orgm with peak levels 
at 1 hr. dCCI'C8lling thereafter; at the 
peak. levels bighelt in liver, followed 
by the kidney and luDg; elimination half 
lifD of [~-sulfolaoe was lonsest in 
bmin tissue (31.22 = 4.68 d); blood 
concentration in embi)'OI mirrored 
pregnant diiDI, wbile the placenta had a 
higher conc:entration; bUiary excretion 
only 3% of administrated dose after 
72 br; excretion in urine and feces 
accounted fbr 31 aod 15% of 
administered dose, respectiveiYi kinetic 
constant fbr sulfolane is 4.47 hr-1• 
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Test Materials and Methods 

Mode of ac:tionl ND 
mec::bauistio 

Immuaotoxicity ND 

Neurotoxicity Male 8-D-derived rat, Hartley 
derived guinea pig. New 
ZealaDd white rabbit. and Swiss 
albino mouse; doses 
administered i.v .. orally. Lp. and 
s.c. (exact doses not provided). 
LDso values calculated fiom 
mortality after 1-wk 
observatioa. 

Neurotoxicity Male S-D rat; sillgle i.p. 
iqjectioa of either aaline or 200. 
400. or 800 mglkg-bw; body 
temperature and metabolic rate 
were recorded at ambient 
temperatures of 1S°C. 2S°C, or 
3SOC. 

Neurotoxicity Male 8-D rat; single i.p. 
injection of either saliDe or 
800 mWkg; meeaboUc rate. tail 
skiD temperature, colonic (deep 
body) temperature. and 
pretimed body temperature 
were n:corded at ambient 
temperatures of lS°C or 2S°C. 

Table 4B. Other Studief 

Resnltl Conclnsions 

Hunched posture. increased auditory Authors concluded that sulfolane has an 
sensitivity. hyperreactivity. and mpid excitldory effect on the COidral nervous 
respintiOD iD rata and mice; at lethal system fotlowing aeute administration. 
doses. all species experienced 
cloDic-toDic coavulsioas; LDso values 
determined tbr i.v. administration were 
approximately half the value of those 
for i.p., oral. and subcutaneous 
admiDistnltioDS for all species. 

No effect of sulfoi&De at 3S°C: at lower Authors concluded tbat "hypomctabolic and 
ambient temperature, hypothermia and hypothermic eflicaoy of sultbhme is 
hypometabolism were induced by dependant on ambient temperature." 
suUbhme in the rat. 

Sulfolmo roclucocl metabolic rate and Authors concluded sulfolane toxicity is 
colonic temperature at both ambient greater at increased ambient temperatures. 
temperatures tested; prefemd ambient 
temperature and tall skin temperature 
UDafl'ected by treatment. 
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Tat Materials and Methods 

Neurotoxicity Male Long-BVBDB hooded rat; 
single i.p. iqjection of either 
saline or 200, 400, or 
BOO mglkg·bw; body 
temperature and motor activity 
were measured at ambient 
temperatures of20.8°C or 
323°C. 

Neurotoxicity Male Long·B'YIIDS hooded rat; 
single i.p. injection of either 
saline or 200, 400, or 
800 mglkg-bw sulfolane; visual 
evoked potantials (VBP) were 
measured by 
surgically-implanted electroclos. 

Neurotoxicity Male CD-1 mouse; sillgle i.p. 
Injection of saline or 200, 400, 
600, or 800 mglkg sulfolanc in 

· volume of0.3 mU100 1 bw; 
Experiment 1 measured 
preferred ambient temperature 
immediate~y following 
iqjection; Rxperiment 2 
measured metabolic rate and 
colonic temperature at ambient 
temperatures of20°C, 30°C, or 
3S°C immediately following 
iqjection. 

Table 4B. Other Studies 

Results CoaclasioDI 

Hypothermia at dOICS ~400 mglkg·bw Authors concluded that Increasing ambient 
at lO.B'"C; hypothermia attenuated at temperature attenuabll hypotbennia in 
323°C; at both temperatures, motor sulfblane-treated rats, but sulfolam:·induced 
activity deareased at doses hypoactivity was still evident when tested at 
~400 mglkg-bw. both the higher and lower ambient 

temperatun:s. 

No cliDlcal cbanges in behavior; Authors concluded that acute administration 
dose-dependent incrase in latency of of sulfblane producecl clear alterations of 
visual evoked potentials (statistically visual system function and hypotbennia. 
significant at~400 mglkg-bw)i Howaver, when hypothermia was attenuated 
dose-dependent bypotbcrmiL by increasing ambia temperature, VBP 

latencies diminished, indicating that latencies 
were libly secondary to sulfblane-induced 
hypothermiL 

Sulfblane-treated mice bad sipificandy Authors concluded that sul,f'olaoe-treated 
lower metabolic rate and body mice exhibited both autonomic and 
tempealliln at Iowa- ambient behavioral decrease in body temperature in 
temperatures (<30°C). Mice exhibited order to reduce toxic effects ofsulfolanc. 
behavioral preference fbr lower ambient 
temperature after treatment with 
sulfolane. Pen:ent mortality after a 
LDso dose of sulfolane increased with 
increasiDg ambient temperature. 

27 

FINAL 
l-30-2012 

Referenees 

Ruppm and Dyer 
(1985) 

Dyer at al. (1986) 

Gordon et al. (1986) 

Sulfolane 



Test Materials and Methods 

NDUrOtoxiclty Male Long-Bvaos hooded rat; 
single i.p. injection of saline or 
200, 400, or 800 mglkg; 
Experiment 1 measured 
praeuce of audiogenic (AO) 
seiZW'C8 and potentiation of 
peutylcnetetrazol (PTZ) 
seizures; second aod third 
experiments measured effect of 
body temperature on seizme 
occummce using 400- and 800-
mglkg groups (Experiment 2) 
and tbe 800-mg/kg group 
(Experiment 3). 

Neurotoxicity Male New Zealand White 
nbbit; single injection oflOO, 
300, or 1000 118 sulfolane in a 
3-fiL volume of saline directly 
into preoptic/anterior 
hypothalamic (POAH) area via 
stereotaxically implanted 
cannula; single i.Vectioa of300, 
100, or 3000 pg in a 3-pL 
volume of saline dinctly into 
intracerebroventrlculll' (ICV) 
area;POAH~oar 
temperature, md metabolic rate 
were measured. 

-- -~ - L__ 
~-- -

ND =not data. 

Table 4B. Other Studies 

Results Concluslou 

AG seizures oc:cwred in halfoftbe Doses ofiOO mglkg seositized typic:alJy 
high-dose animal& in first two re&istant rats to AO seizure& and increased 
experiments; sulfoiiiDD-induced severity and duration ofPTZ seizures; the 
~ypothormia showed a protectlve effect dala suggest that suUblane treatment does not 
and reduced AG seimro cbaracteristica; aiguificandy afl'ect the hippocampus. 
dOSCII of 800 mg/kg incroased PTZ 
seizure severity and at 400 and 
800 msfk& seizure duration was 
significantly increased; AD seizure 
activity was not affected sipificantly 
by treatment 

No statistically aignific:ant Study authors concluded that suUblane did 
thermoregulatory effects upon direct DMd~y~ontheth.moRgulatory 
injection into POAH; however, neurons of the CNS since no changes in 
significant hyperthermia observed at tmnperature were observed when iqjected 
60-120 min postdosing upon iJUectioa directly into the POAH. This finding 
into the ICV at 3000 pg. contrasts previous findings of systemic (l.p.) 

injection of sulfolane whore hypothermia was 
induced. 

- - L___ -
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The genotoxicity of ~lane bas been evaluated in bacterial and eukaryotic in vitro 
systems and has yielded predominantly negative results. In bacterial cells, sulfolane was 
negative for inducing reverse mutations inS. typhimurium strains TA98, TA100, TA1535, 
TA1537, TA1538, and E. coli strains WP2 and WP2uvrA at concentrations up to 
52,000 Jtg/plate, with or without metabolic activation (±89). Study author& reported that no test 
compound precipitation or cytotoxicity occurred at concentrations up to 52,000 j.Lglplate. The 
only positive result for genotoxicity was reported in an unpublished mouse lymp~oma assay by 
Phillips Petroleum Co. (1994) where study authors exposedL5178Y cells (TIK) to sulfolane at 
concentmtions ofO, 60, 90, 135,202,301,449,670, or 1000 J181m!.; however, OECD (2004) 
noted that there was no dose response observed, and the survival percentage was not affected by 
increasing doses. Therefore, OECD considered the positive result as an incorrect interpretation 
by Phillips Petroleum Co. (1994). Sulfolane was negative for inducing mutations in a 
nonmammalian eukaryotic test system (S. cerevlsiae) at concentrations up to 5 mglm.L (:I:S9) and 
negative for inducing chromosomal aberrations in CHUIU and rat liver RIA cells. Sulfolane did 
not induce sister chromatid exchange in Chinese hamster ovary cells at concentrations up to 
6400 j.LgfmL, or in human peripheral lymphocytes at 10 mglml. 

CareiDogeniclty Studies 
No human or animal studies pertaining to the carcinogenicity of sulfolane via the oral 

exposure route were identified in the li1erature. 

Other Toxicity Studies (Esposures Other Than Onl or lnlaalatioa) 
Information is not available in this regard. 

Short-term Studies 
Information is not available in this regard. 

Metabolismfl'o:dcoldaetic Studies 
Zhu et al. (1988), Roberts and Warwick (1961), and Andersen et al. (1976) provide 

information on the toxicokinetics and metabolism of sulfolane. Data indicate that sulfolane is 
rapidly and completely absorbed and distributed throughout the body when dosed orally, i.p., or . 
i.v., and excretion occurs mainly through the urine. Further information is provided in Table 4B. 

Mode of Action/Mechaaistic 
Information is not available in this reganl. 

lmmuaotoxicity 
Information is not available in this regard. 

Neuroto:dcity 
Sulfolane has been shown to elicit changes in thermoregulation of experimental animals 

Gordon et al. (1984}, Ruppert and Dyer (1985), Mohler and Gordon (1989}, Dyer et al. (1986), 
Gordon et al. (1986). Overall, the study authors observed that sulfolane-treated rodents 
demonstrated increased survivability at lower ambient temperatures. The various studies are 
presented in Table 4B. 
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DERIVATION OF PROVISIONAL VALUES 
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Tables 5 and 6 present a summary of noncancer reference and cancer values, respectively. IRIS data arc indicated in the table, if 
available. 

Table 5. Summary of Noneaneer Reference Values for Sulfolane {CASRN 116-33-0) 

p-Reference POD 
To:dcity Type {anifs) Species/Sex Critical Effect Value Method POD UFc Principal Study 

Subchronic p-RtD RatJF Decreased total and differential 1 x to-z NOAEL 2.9 300 Huntingdon Life 
(mglkg-d) WBC counts (lymphocytes, Sciences (200 1) 

basophils, monocytes, and LUCs) 
Chronic p-RtD Rat/F Decreased total and differential 1 X 10 l NOAEL 2.9 3000 Huntingdon Life 
(mglkg-d) WBC counts {lymphocytes, Sciences (200 1) 

basophils, monocytes, and LUCs) 
Subchronic p-R.ft: Dog/M Chronically inflamed and 2 x to-z NOAEL 19.2 1000 Andersen et al. 
(mglm3

) hemorrhagic lungs; neurological (1977f) 
effects 

Screening chronic p-RfC Dog!M Chronically inflamed and 2 X J0-3 NOAEL 19.2 10,000 Andersen et al. 
(mglm3

) hemorrhagic lungs; neurological (1977f) 
effects 

------ ------ - L___ ___ -

Table 6. Summary of Cancer Values for Sulfolane (CASRN 126-33-0) 

Toxicity type Species/Sex Tumor Type Cancer Value Principal Study 

[p-OSF !None !None None None 

p-IUR !None !None 
----

None !None 
~~ - -
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DERIVATION OF ORAL REFERENCE DOSES 
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There are five subchronic-duration studies, one chronic-duration study, one 
developmental study and one reproductive study available involving oral exposures to sulfolane 
(see Table 2). The most acceptable study to use for deriving an oral reference value is a GLP 
compliant, peer-reviewed study (Huntingdon Life Sciences, 2001) that identified reduced WBC 
counts in female rats exposed to sulfolane in drinking water for 13 weeks. Although alternative 
studies are available (i.e., Ministry of Health and Welfare Japan, 1996a; Zhu et al., 1987), these 
reports are originally published in a foreign language (Japanese and Chinese, respectively), and 
the available translations do not contain detailed documentation of experimental methods and 
study design. The 28-day repeated dose study performed by the Ministry ofHealth and Welfare 
Japan (1996a) was reviewed and translated by OECD (2004), but OECD did not provide 
husbandry data and did not explicitly list the pathology parameters examined. In the translation 
of the Zhu et al. (1987) paper, information is not provided on the type or frequency of oral 
exposure, strain of animals used, specific biochemical parameters examined, specific organs 
examined, type of pathology examined, or methods for statisticalamalysis. It is uoknown 
whether Zhu et al. (1987) followed GLP guidelines. The methods in the Huntingdon Life 
Sciences study are well documented, and the study -adheres to GLP guidelines. Additionally, the 
study authors conducted the drinking water study at a lower dose range and~ a wider 
array of endpoints than the other available studies, and thus, the study was able to detect more 
sensitive effects of sulfolane. The subcbronic-duration study by Huntingdon Life Sciences 
(2001) is, therefore, seleeted to derive the subchronic and chronic p-RfDs. 

Sulfolane exposure of rats via the drinking water for 13 weeks showed kidneys and WBC 
as targets of toxicity. The kidney effects in males (hyaline droplets in cortical tubules and 
increased incidence of cortical tubule basophilia) fit two of the three criteria to be considered 
related to male rat-specific al~qglobulli;t. nephropathy (as cited in U.S. EPA, 1991). Kidney 
effects specific to male rats involving alpha2t£lobulin are generally thought to be not applicable 
to humans since humans do not possess alp~obUlin. However, because the 
immunohistochemical staining of kidney sections for alpha2gglobulin was not performed in the 
Huntingdon Life Sciences (2001) study, the presence of alpha2..globulin is not confirmed and the 
human relevance of this effect cannot be discounted. However, the male rat kidney effects occur 
at higher doses and are less sensitive than the WBC effects observed in the Huntingdon Life 
Sciences (2001) study. Therefore, reduced WBC counts in female rats were chosen as the 
critical effect 

Derivation of Subchroaic ProvisioD&I RtD (Subchronic p-RfD) 
The study by Buutiogdon Life Sciences (2001) is selected as the priacipal study for 

derivation of the mbchronic p-RfD. The critical endpoint is decreased total and differential 
WB~ count (lymphocytes, basophils, monocytes, and LUCs) in female rats. The study was 
independently peer reviewed by three scientific experts in the summer of2011, and this peer 
review supported the study conclusions. 2 The study was performed according to GLP guidelines 
and otherwise meets the standards of study design and perfoDDIDce, with numbers of animals, 
examination of potential toxicity endpoints, and presentation of information. Details are 
provided in the "Review of Potentially Relevant Data" section. 

1Peer-revicw report available upon n:qucst. 
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BMD modeling of total WBC count in female rats was attempted using the available 
continuous models (polynomial, power, Hill, linear) in EPA's BMD software (Version 2.1.2) 
consistent with EPA's BMD EPA technical guidance (U.S. EPA, 2000). A benchmark response 
(BMR.) of one standard deviation change from the control mean was selected in the absence of a 
biological rationale for using an alternative BMR. The BMD analysis resulted in significant lack 
of fit (goodness-of-fit p < 0.1 0) for all continuous models employing nonconstant (modeled) 
variance (see Table C.1). The homogeneity variance p-value of l~s than <0.1 indicates that 
nonconstant variance is the appropriate variance model (and therefore it is inappropriate to 
assume constant variance for these data). 

Because these data were not amenable to BMD modeling, a NOAEIJLOABL approach 
was employed to identify the point of departure (POD). The leukocyte data indicate a 
consistently observed effect, and identify a NOAEL of2.9 mglkg-day in females, and thus can 
be established as a POD for deriving the oral subchronic and chronic R.fDs. The LOAEL for this 
same effect in females is 10.6 mglkg-day. 

No dosimetric adjustments arc made because sulfolane was administered continuously 
via drinking water, and the study authors calculated average daily dose based on body weight 
and drinking water consumption data in the principal study. 

The subchronic p-RfD for sulfolane, based on a NOAEL of2.9 mglkg-day in female rats, 
is derived as follows: 

SubcllroDic p-RfD = NOAEL..;. UF 
= 2.9 mgl!cg-day + 300 
= 1 x 10-2 mglkg-day 
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Table 7 summarizes the uncertainty factors (UFs) for the subcbronic p-RfD of sulfolane. 

Table 7. Uncertainty Facton for Subehronic p-Rm of Sulfolane 

Value Justification Notes 
10 AUF A of 10 is applied for intmspecies mdrapolation 1o accotmt fDr 

potential toxicotinetic and toxicodynamic diffimmces between ndli 
ancl humans. 

3 A UF0 of3 is applied because there is an acceptable developmental 'I'bc developmeotal 
study in mice·(Zhu ct al., 1987d), but there is only a screening-level study in mice was 
one-generation reproduction study in rats (Ministry ofHealtb and CODducted soundly and 
Wclf'arc 1apau. 1999) via tho oral route. iclemi1ied teratogenic 

efFects and is, therefore. 
coDSicJcncl a valid 
study. 

10 A UP8 of 10 is applied for intraspecies difl'ereDces to account fur 
potmdia1ly susceptible individuals in the absence of infblmation on 
the variability of response 1o h~. 

1 A UFLof 1 is applied fur using a POD baaed on a NOAEL. 

1 A UPs of 1 is applied because a subchroDic study was utilized. 

300 

Table 8 shows the confidence descriptors for the subchronic RID. 

Table 8. Confidence Deseripton for the S~!-bchroDic p-RfD for Sulfolane 

Confidence Categories Designation• DilciUIIion 
Confidence in study H Confideaco in the kBy study is high. The Huotiagdon Life Scicmces 

(2001) study was incl.,.,dently peer reviewed, and was conducted 
in compliance with GLP. 

Confidence in database M The cfafabase iDcludca subcbronic toxioity studies in two species 
(rat and guiDea pig), two chronic toxicity studies (m mice IUid 
guinea pigs), one davelopmental study in mice but no 2-generation 
~q~rocluctive developmental toxicity studies. 

Confidence in subchronic M The overall ccmfideoce in the subcbron.U: p-RiD value is medium. 
p-RfD" 

-r. =low; M =medium; H • high. 
"The overall confidence caDDOt be greater than lowest entry in table. 
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Derivation of a Chronic Provisional RID (Chronic p-RfD) 
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The peer-reviewed study by Huntingdon Life Sciences (2001) is selected as the principal 
study for derivation of the· chronic p-RID. For the same reasons listed above in the subchronic 
p-RID discussion, the study by Huntingdon Life Sciences (2001) meets standards of study design 
and performance. Details are provided in the ~ew of Potentially Relevant Data., section. 

The chronic p-RID for sulfolane, based on a NOAEL of 2.9 mgllcg-day in female rats, is 
derived as follows: 

Chroaic p-RfD = NOAEL + UF 
= 2.9 mg/kg-day + 3000 
= 1 x 10-3 mglkg-day 

Table 9 summarizes the UFs for the chronic p-RID of sulfolane. Table 10 shows the 
confidence descriptors for the chronic p-RID. 

Table 9. Uncertainty Facton for the Chronic p-Rm of Sulfolaae 

UJI' Value Jostifieation Notes 

UFA 10 A UF A of 10 is applied mr immpecies exirapoladon to account for 
poteatial1oxicoldDetic and toxicodyDamic differencea between rats 
andblimaas. 

UFu 3 A UFu ofl is applied because~ is an acceptable davelopmmrtal The developmental 
study in mice (2hu et a1., 1987cl) but only a screening-level study in mice waa 
ono-genaration reproduction study in rats (Minislry of Health and conducted soundly and 
Welfilre Japan, 1999) via tbe oral route. identified teratogenic 

effects and is, therefore, 
CODSidered a valid 
study. 

UFa 10 A UF8 of 10 is applied for intraspecies difreronces to accouat for 
poteutially nsceptible individuals in tbe absence of infonnation on 
the variability of response to humans. 

UFa. 1 A UFa. of 1 is applied for usiDg a POD bued on a NOAEL. 

UFs 10 A UF1 of 10 is applied because a subcbronic IlDdy Is utilized. 

UFc 3000 
$3000 
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Table 10. Confidence Descripton for Chronic p-RfD for Sulfolane 

Confidence Categories Designation• Discussion 
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ConfideDcc in study H The m.s study is GLP compliant, peer reviewed, and met tbe 
S18Ddards fOr an acceptable study 

Confidence in database M There is an accepblble developmental study but not a 
two-generational reprodnciM study 

Conficlaace in subcbronic M The overall coadideoce descriptor is medium. 
p-RfD" 

-r. =Low, M =Medium. H • High. 
"The overall coafideoce CIIIDOt be greater than lowest eatry in 1Bblc. 

DERIVATION OF INHALATION REFERENCE CONCENTRATIONS 
Derivation of Subchronic Provisional RfC (Subchronic p-RfC) 

The study by Andersen et al. (1977£) is selected as the principal study for the derivation 
of the subchronic p-IUC. The critical endpoint is chronically inflamed and hemorrhagic lungs 
and neurological effects in male beagle dogs. The study was conducted before GLP guidelines 
were instituted. Details of the study are provided in the "Review of Potentially Relevant Data" 
section. The other inhalation studies performed by Andersen et al. (1977a-e,g,h) in several 
different animal species did not provide more sensitive effects or had improper animal 
husbandry. A rat study (Andersen et al., 1977b) had the same NOAEL but did not identify a 
LOAEL. The data are not amenable to benchmark dose modeling. The Andersen et al. (1977£) 
study provides the lowest POD for developing a subcbronic p-RfC, and that POD is protective of 
all effects seen in all species in all exposure regimens examined in Andersen et al (1977a-h). 

The POD in this study is an unadjusted NOAEL of20 mg/m3 as reported by the study 
authors. Dosimetric acljustments were perfoDDed for continuous exposure duration. Conversion 
to HEC is not performed for the respiratory effects due to inadequate information (no MMAD 
determination) on aerosol particle size. Conversion to HEC is not performed for extrarespiratory 
(neurologic) effects due to inadequate chemical-specific information about partition coefficients 
between blood and air. 

NOAELADJ = NOAEL x (Hours per Day Dosed+ 24) x (Days Dosed+ Total Study Days) 
= 20 mg/m3 x (23 + 24) x (95 Days Dosed+ 95 Total Study Days) · 
= 20 )( 0.958· 
= 19.2mg/m3 

Subellronic p-RfC • NOAELADJ + UF 
= 19.2 mJl/m3 + 1000 
= 2 x to-1 Dlflm3 
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Table 11 summarizes the UFs for the subchronic p-RfC of sulfolane. 

Table 11. Uncertainty Faeton for Subchronie p-RfC of Sulfolane 

UF Value Justification Notes 
UF,. 10 A UF,. of 10 is applied 1br lntenlpecies extrapolation to accoUDt mr Dosimetric conversion 

poleDtia11oxicokinelic and toxicodyuamic difrenmces betwce:D dogs is DOt performed due to 
and humans. missing aerosol size 

information. 

UPu 10 A UFD of 10 is applied because tlun arc no accoptable 
two-puendion reproduction studies or developmeatal studies via the 
illhalation route. 

UFa 10 A UPs of 10 is applied 1br iutlapccies differences to account fur 
poteDtially susceptible indMduals in the absence of infOrmation on 
the wriability of response to humans. 

UFL 1 A UFs. of 1 is applied because a NOAEL is used. 

UFs 1 A UPs of 1 is applied becauso a subc:luoDic study is utiliad. 

UFc 1000 
:S3000 

The confidence of the subchronic p-RfC for sulfolane is low as explained in Table 12 
below. 

Table 12. Confidence Descripton for SabehroDie p-RfC for SuH'olane 

Confidence Categories Designation• Dilcalsion 
Confidence in study IL The study by Andersen et al. (1977a-b) does not provide particle 

size in1brmation tbr subcbroDic studies, and the methods are not 
clearly reported. 

Cmdidcmce In database IL Tho database mr subchronic inhalation exposure includes the single 
study by Andersen et a1. (1977a-h). 

Confidence in subcbronic L The overall confideace descrip1or is low. 
p-W 
"L =Low, M"" Medium, H • High. 
'The overall confideoce cannot be greater than lowest entry in table. 

Derivation of Chrome Provisional RfC (Chrome p-RfC) 
No chronic p-RfC can be derived for the following reason: the composite UF for the 

chronic p-RfC is >3000. Therefore, the value is relegated to a screening-level value, and 
discussion for the derivation of a screening chronic p-RfC is available in Appendix A. 
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CANCER WEIGHT-OF-EVIDENCE DESCRIPTOR 
Table 13 identifies the cancer weight-of-evidence (WOE) descriptor for sulfolime. 

Table 13. Caaeer WOE Descriptor for Sulfolane 

Route of Entry 
(Oral, IDhalation, 

Possible WOE Deseriptor Designation or Both) Comments 

"Carcinogenic to HUITII1IIS" Not selected NA 

"Likely to Be Carcinogenic Not selected NA 
to Humans" 

"Suggestive Evidence of Not selected NA 
Carcinogenic Potential" 

"lllllllefliUIU lnfo171U11lon Selected Both No can:inogenldty studies on human 
to A.fBeso8 Oucinogenic or animal oposure to sulfolane via 
Potentllll" tbe oral or inhllllltion route are 

available iD the Uterature. 

"Not Lihly to Be Not selected NA 
Carcinogenic to Humans" 
NA =Not Applicable. 

MODE-OF-AcriON DISCUSSION 
The Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005) define mode of action 

as "a sequence of key events and processes starting with interaction of an agent with a cell, 
proceeding through operational and anatomical changes, and resulting in cancer fonnation" 
(p. 1-1 0). Examples of possible modes of carcinogenic action for a given chemical include 
''mutagenicity, mitogenesis, inhibition of cell death, cytotoxicity with reparative cell 
proliferation, and immunologic suppression" (p. 1-1 0). Based on the available literature, 
sulfolane is not genotoxic. Because there are no available studies on the carcinogenicity of 
sulfolane, the mode-of-action discussion is precluded. 

DERIVATION OF PROVISIONAL CANCER POTENCY VALUES 
Derivation of Provisional Oral Slope Factor (p-OSF) 

There are insufficient data to assess the carcinogenic potential of sulfolane via the oral 
route; therefore, derivation of a p-OSF is precluded. 

Derivation of Provisional Inhalation Unit Risk (p-IUR) 
There are insufficient data to assess the carcinogenic potential of sulfolane via the 

inhalation route; therefore, derivation of a p-IUR is precluded. 
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APPENDIX A. PROVISIONAL SCREENING VALUES 
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For the reasons opted in the main document, it is inappropriate to derive a provisional 
chronic p-RfC for sulfolane. However, information is available which, although insufficient to 
support derivation of a provisional toxicity value, under current guidelines, may be of limited use 
to risk assessors. In such cases, the Superfund Health Risk Technical Support Center 
summarizes available information in a supplemental and develops a screening value. 
Appendices receive the same level of internal and external scientific peer review as the main 
docmnent to ensure their appropriateness within the limitations detailed in the document Users 
of screening toxicity values in a supplement to a PPRTV assessment should understand that there 
is considerably more uncertainty associated with the derivation of a supplement screening 
toxicity value than for a value presented in the body of the assessment Questions or concerns 
about the appropriate use of screening values should be directed to the Superfund Heath Risk 
Technical Support Center. 

DERIVATION OF SCREENING PROVISIONAL INHALATION REFERENCE 
CONCENTRATION 
Derivation of SereeniDg Chrome Provisional RfC (Sereening Chronie p-RfC) 

Similar to the subchronic p-RfC, the study by Andersen et al. (1977t) is selected as the 
principal study for the derivation of the screening chronic p-RfC. The critical endpoint is 
chronically inflamed and hemorrhagic lungs and neurological effects in male ~e dogs. The 
POD in the Andersen et al. (1977t) study is an unadjusted NOAEL of20 mgjm3 as reported by 
the study authors. Dosimetric adjustments were performed for continuous exposure duration. 
Conversion to HEC is not performed due to inadequate information on aerosol particle size (no 
information was given to determine the MMAD). 

NOAELADJ = NOAEL x (Hours per Day Dosed+ 24) x (Days Dosed+ Total Study Days) 
= 20 mrJm3 x (23 + 24) x (95 Days Dosed+ 95 Total Study Days) 
= 20 X 0.958 
= 19.2mglm3 

Screening Chronie p-RfC = NOAELADJ + UF 
= 19.2 mf'!!._3 + 10,000 
• 2 x 10- mg/m3 

Table A.l summarizes the UFs for the screening chronic p-RfC of sulfolane. The 
composite UF of 10,000 relegates this to a screening value. Confidence in the screening value is 
by definition, low. 
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Table A.l. Uncertainty Faclon for SereeoiDg Chroaie p-RfC of Salfolane 

UF Value Jutificatioo Notes 

UFA 10 A UP A of 10 is applied for ~cies cxtrapolatiOD to accoUDt fOr Dosimetric COIM'ZSion 
poteDtial toxico~c and toxicodynamic difrmeoces betweeD dogs is DOt perfOrmed clue 
andlnmums. to missing aerosol size 

infOrmation. 

UPo 10 A UP0 of 10 is applied because there are no acceptable 
two-generation reproduction studies or developmeatal studies via the 
inhalation route. and there is DO indication of 811)' other relevant 
studies that may be relevam fOr database UF. 

UPs 10 A UP8 of10 is applied for intraspecies difl8.teuces to account for 
potentially IIWICeptible individuals in the abscuce of inf.brmation on 
the variability of response to humans. 

UPL 1 A UFLofl is applied because a NOAEL was used. 

UPs 10 A UPs of10 is applied because a subcbronic study is utilized and 
extrapolated fbr a cbronic exposure duration. 

UFc 10,000 
S3000 
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Table B.l. Meaa Body Weight and Survival of Male and Female CD Rats After Exposure to 
Sulfolane for 13 Weeks in Drinking Wate ... 

Parameter EJposare Group. mgiL (Avera1e Daily Dole. raJ/kg-cfl 

Male 0 25(2.1) 100 (8.8) 400 (35.0) 1600 (131.7) 

No. of animals 10 10 10 10 10 

Body WeekO 192:!:9.6 196 :i: 6.S (102) 188 :i: 9.S (98) 190± 7.8 (99) 193 :i: 12.8 (101) 
weight (g) 

Weeki 251:1:10.7 253 :i: 8.7 (101) 247 :i: 11.9 (98) 250 :i: 11.9 (100) 243 :1: 16.S (97) 

Week2 306:1:13.2 313 :1: 10.3 (102) 30S :i: 11.8 (100) 310 :i: 18.1 (101) 302 :1: 20.8 (99) 

Week3 348:!: 17.7 3S7 ::1:: 10.1 (103) 348 :i: lS.O (100) 3SO :i: 23.3 (101) 347 :i: 26.6 (100) 

Week4 385:1:18.7 39S :1: 13.S (103) 383 :1: 19.2 (99) 388:1: 31.6 (101) 385 :1: 29.5 (100) 

WeekS 418:!:21.7 427:1:11.1 (102) 412 :i: 24.3 (99) 412 :i: 32.2 (99) 416:1: 34.0 (100) 

Week6 437:1:23.1 4S3 :i: 14.3 (104) 437 :1: 29.0 (100) 43S :i: 34.3 (100) 441 :i: 36.7 (101) 

Week7 4S7:i:25.8 467 :i: 14.6 (102) 4S7 ± 34.S (100) 4SS :i: 3S.O (100) 464 :i: 38.3 (102) 

WeekS 478:1:26.1 490:!: 17.3 (103) 478 ± 34.1 (100) 41S :i: 37.9 (99) 488 :i: 39.2 (102) 

Week9 498:!:28.5 S14 :i: 16.9 (103) 497 :i: 38.8 (100) 494 :i: 42.2 (99) S09 ± 42.1 (102) 

Week 10 51S±30.4 S29 ± 20.7 (103) S11 :1: 4S.9 (99) Sll :i: 41.9 (99) 525:1:43.7 (102) 

Week 11 S24:i:3l.S S38 :1: 22.8 (103) S22±43.8 (100) S23 :1: 4S.8 (100) 541 :1:44.7 (103) 

Week12 541:1:34.9 558 :1: 27 .s (103) S40 :i: 49.6 (100) 541 :i: 48.6 (100) SSB :1: 47.9 (103) 

Week 13 538:1:32.2 SS3 :1: 26.4 (103) S39 :1:47.9 (100) S36 :1:48.7 (100) SS6 ± Sl.O (103) 

Bodywaigbt WeekG-13 346:1:37.4 3S7:1:26.1 (103) 3S1 :1:48.2 (101) 346:1:43.7 (100) 363 :1: 43.0 (lOS) 
gain (g) 

Survivald 10/10(100) 10/10(100) 10/10 (100) 10/10 (100) 10/10 (100) 
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Table B.l. Mean Body Weight and Survival of Male and Female CD Rats After Exposure to 
Sulfolane for 13 Weeks ill Drinking Wate ... 

Parameter Exposure Groap, mgiL (Avenge DaiiJ Dole, mglkg-d)• 

Female 0 25(2.9) 100 (10.6) 

No. of animals 10 10 10 

Body weight WeokO 16H: 10.8 160 :l: 10.4 (98) 159 :l: 7 .s (98) 
(g) 

Weeki 187:l: 14.3 185 :l: 14.2 (99) 185 :l: 8.7 (99) 

Week2 208:l: 14.4 210 :l: 14.5 (101) 208 :l: 9.5 (100) 

Week3 226:l: 15.6 227 :l: 15.5 (100) 222 :l: 12.4 (98) 

Week4 238 :l: 16.1 245 :l: 15.1 (103) 235 :l: 14.6 (99) 

WeekS 248:l: 15.4 257 :l: 20.1 (104) 248 :l: 14.0 (100) 

Week6 254:l: 17.6 266 :l: 18.5 (lOS) 254 :l: 15.0 (100) 

Weelt7 262:l: 19.2 274 :l: 18.3 (lOS) 259:l: 15.8 (99). 

Weeki 267 :l: 18.5 281 :l: 19.3 (lOS) 262 :l: 17.8 (98) 

Weelc9 272:l: 18.9 290 :l: 22.6 (107) 275 :l: 16.3 (101) 

Week 10 279:l: 16.5 297 :l: 24.3 (106) 278 :l: 16.1 (100) 

Weekll 284:l: 18.0 300:l:23.3 (106) 280 :l: 18.0 (99) 

Week 12 287:l: 18.0 304 :l: 22.3 (106) 282 :l: 19.5 (98) 

Week 13 283:l: 19.8 303 :l: 26.0 (107) 282:l: 17.1 (100) 

Body weight WeekD-13 120:l: 12.1 143:l: 19.4° 123 :l: 12.4 (103) 
gain(&) (119) 

Smvival 10/10(100) 10/10 (100) 10/10(100) 

8Jiuntingdon Life Sciences (2001). 
11 A wraae daily doses (mWkg-day) were calculated by study autbon. 
CWeigbts expressed as mean :f: SD (%of control). 
dgurvival expressed as number surviviDgltotal number(% survival). 
-signifiCIDtly diffinat from CODbol {p < 0.05); test was DOt reported. 
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400(42.0) 

10 

160 :l: 5.3 (98) 

187 :l: 6.7 (100) 

210 :l: 8.8 (101) 

22S :l: 10.1 (100) 

237 :l: 12.7 (100) 

251 :l: 12.5 (101) 

261 :l: 13.4 (103) 

268-:1:: 15.6 (102) 

271 :l: 16.0 (101) 

284:l: 17.5 (104) 

291 :l: 17.6 (104) 

292 :l: 20.2 (103) 

295 :l: 18.1 (103) 

292:l: 19.9 (103) 

132 :l: 23.3 (11 0) 

10/10(100) 

1600 (191.1) 

10 

158 :l: 11.2 (97) 

178 :l: 13.0 (9S) 

200 :l: 16.5 (96) 

216 :l: 18.7 (96) 

228 :l: 18.0 (96) 

237 :l: 18.0 (96) 

246 :l: 20.5 (97) 

250 :l: 22.0 (9S) 

259 :l: 19.4 (97) 

265 :l: 20.8 (97) 

272 :l: 22.2 (97) 

276 :l: 23.3 (97) 

279 :l: 20.9 (97) 

276 :l: 22.2 (98) 

118 :l: 16.3 (98) 

10/10(100) 
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Table B~ Mean Food Conversion Efticieney in Male and Female CD Rats After Exposure to 
Snlfolane for 13 Weeks ill Drinking Wate..-

Parameter Exposure Group, mgiL (Average Daily Dose, mglkg-d)b 

Male 0 25 (2.1) 100 (8.8) 400(35.0) 1600 (131.7) 

No. of animals 10 10 10 10 10 

Food eflicieucr Weeki 21.5 27.3 29.2 29.0 26.2 

Week2 23.6 26.1 26.2 26.1 27.3 

Week3 11.9 19.0 19.6 18.2 21.2 

Week4 11.1 17.1 17.1 17.9 11.2 

WeekS IS.I 14-6 14.1 11.7 IS.7 

Week6 9.3 11.7 11.9 11.1 12.4 

Week7 9.9 7.0 10.1 9.9 10.7 

Weeki 10.2 ·10.1 10.3 10.1 11.6 

Week9 9.1 11.2 9.6 9.3 10.1 

Week 10 1.3 7.1 6.9 1.4 7.6 

Week 11 4.7 4.1 S.l S.9 1.1 

Week 12 1.0 9.0 1.1 8.8 7.9 

Week13 ND ND ND ND ND 

Ovorall Weekl-13 12.9 12.9 13.4 12.9 13.6 

J.l'emale 0 25(23) 100(10.6) 400(42.0) 1600 (1!'1.1) 

No. of animals 10 10 10 10 10 

Food efliciencf Weeki 16.1 17.7 11.9 19.6 14.1 

Week2 14.1 17.0 16.7 16.3 16.0 

Week3 12.5 11.6 10.3 10.5 11.1 

Weck4 9.0 12.3 1.7 1.7 1.2 

WeekS 6.9 7.7 8.8 9.6 6.S 

Week6 3.9 6.6 4.4 6.1 6.6 

Weck7 s.o S.2 3.2 S.4 3.3 

Weeki 4.0 4.9 2.4 2.1 S.6 

Week9 4.4 S.9 9.7 8.9 4.7 

WeekiO 4.9 S.1 1.9 4.9 4.9 

Week 11 3.9 1.9 1.4 0.7 1.9 

Week12 2.6 3.4 1.3 2.1 2.2 

Week 13 NB NB 0.2 NE NB 

Body weight gain (g) Week 1-13 6.7 7.6 6.8 7.3 6.S 

"Huntiqdon Life SciCDCCS (2001). 
b A vcrage daily doses (mglkg-clay) were calculated by study authors. 
Dfood conversion efficiency expressed as mean (%) and calculated as overall body-weight gain divided by 1Dtal food 
consumed. 

ND = not examined; body-weight loss or stasis, NE"" not examined 
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Table B.3. Selected Hematology Data for Rats Exposed to Sulfolane for 13 Weeks in Drinking · 
Wag~ . 

Parameter Exposure Group, mWL (Average DaDy Dose, IDflkl-d)• 

Male 0 25 (2.1) 100 (8.8) 

No. of auimals 9 10 10 

MCV(fLt S4.6 :1: 0.89 53.8 :1: 1.60 (99) 53.3 :1: 1.41 (98) 
WBC (x to'IL) 11.60:1:2.719 11.61 :1: 2.078 (100) 10.90 :1: 1.534 (94) 

Lymphocyte (x to'IL) 9.65:1:2.430 9.71::1:: 1.758 (101) 8. 73 ::1:: 1:267 (90) 

Basophil (x Uf/L) 0.02:1:0.007 0.02:1: 0.009 (100) 0.02 :1: o.oos (100) 
Monocyte (x to'IL) 036:1:0.145 0.36 :1: 0.104 (1 00) 038:1: 0.119 (106) 
LUC (x 109/L) 0.22:1:0.127 0.14:1:0.042 (64) 0.16:1: 0.048 (73) 
PT(sec) 13.4:1:0.80 14.0:1: 1.32 (104) 133 :1: 0.53 (99) 

APIT(sec) 17.8:1: 2.24 18.2:1: 3.17 (102) 16.8 :1: 234 (94) 

ll'emale 0 25 (2.9) 100(10.6) 

No. of Animals 10 10 9 
MCV(tL) 55.4:1:139 55.1 :1: 1.76 (99) 54.2 :1: 1.19 (98) 
WBC (x 1o'IL) 7.97:1: 2.213 7.63:1:2.653 (96) 5.41 :1: 1.392'(69) 
Lymphocyte (x 109/L) 6.98:1:2.146 6.36 :1: 2.452 (91) 4.39:1: 1308'(63) 
Basophil (x 1o'IL) 0.01:1:0.006 0.01 :1: 0.006 (100) o.oo = o.ooS' (O) 
Monocyte (x lO'IL) 0.22:1:0.080 0.23 :1: 0.119 (lOS) 0.13:1: 0.053• (59) 
LUC (x 109/L) 0.11:1:0.040 0.11 :1: 0.056 (100) o.06 = o.o23• (55) 
PT(sec) 13.8:1:0.97 14.1 :1: 0.84 (102) 13.8 = o.as (too) 
APlT(sec) 17.4:1:5.21 14.8 :1: 1.65 (IS) 15.4:1: 2.02 (89) 

IIJiuntiDgdon Life Sciences (2001). 
~»Averap daily doses (mglks-clay) were calcalatl:cl by study authors. 
"Expressed as group mean :1: SD (% of coutrols). 
dgignificantly difi'erellt from conlrol (p s 0.05); 'Williams' test or Shirley's test. 
-sipificantly differmrt from coatrol (p S 0.01); Williams'1at. 

APIT = activated partial1bromboplastin time PT = partial thromboplastin time. 
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400 (35.0) 

9 

54.4 :1: 1.84 (100) 

9.47:1: 2.071 (82) 

7.90:1: 1.764 (82) 

o.o1 = o.oor (O.S) 

0.27 :1: 0.134 (75) 

0.12 = o.oso• (5S) 

13.4:1: 1.27 (100) 

17.8:1:2.28 (100) 

400 (42.0) 

9 

SS.2 :1: 1.25 (100) 

S.S3 :1:: 1.756' (69) 

4.63 :1: 1.564' (66) 

o.oo :1:: o.oor co> 

o.13 = o.04o• (59) 

0.06 :1: O.OW' (SS) 

14.1 :1: 0.52 (102) 

14.7 :1: 133 (84) 

1600 (131.7) 

9 

54.7:1:1.58 (100) 

1134::1:: 2.074 (98) 

9.67:1: 1.919 (100) 

o.ot = o.oor co.s) 

0.25 :1: 0.071 (69) 

o.t4 = o.o3gt (64) 

143 :1: o.w (107) 

16.9:1: 2.25 (95) 

1608(19Ll) 

10 

56.7:1: 13gl (102) 

4.54 :1: 1.0 19' (57) 

3.73:1: 0.9411 (53) 

0.00 :1: 0.0041 (0) 

0.10:1: 0.040' (45) 

0.04 :1: 0.0 19' (36) 

14.0 :1: 0.94 (101) 

14.2:1: 2.61d (82) 
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Table B.4. Selected CHnical Chemistry Data for Ram Exposed to Sulfolane for 13 Weeks in 
Driaking Water' 

Parameter ~n Group mgiL (Avenge DaDy Dose, mglkg-d)11 

Male 0 25 (2.1) 100(8.8) 

No. of animals 10 10 10 

ALT(UfL)• 49:!:7.3 43 :!:9.1 (88) 45 :!: 11.9 (92) 

AST(UIL) lOO:t:SS.l 77:t:9.S (77) 83 :t: 21.1 (83) 

Creatinine (JuDol/L) 49:t:3.S 48:!:3.0(98) 49:!: 2.9 (100) . 

Sodium (mmol/L) 141:!: 1.1 140 :t: 1.3 (99) 141 :t: 0.9 (100) 

Total promin (giL) 6B :!:2.3 69:2.1 (101) 6B:!: 2.5 (100) 

female 0 25(2.9) 100 (10.6) 

No. of anJmals 10 10 10 

ALT(UIL) 48:!:37.5 54 :t: 34.3 (113) 43 :t: 10.9 (90) 

AST(Un..) Bl :t: 2B.9 97 :t: 61.2 (120) B5 :t: 22.7 (lOS) 

Creatinine (pmol/L) 52:!:3.1 54 :t: s.s (104) 56 :t: 6.9 (lOB) 

Sodium (mmoiiL) 141 :t: 1.0 140 :t: 0.6d (99) 139 :t: 0.98 (99) 

Total protl:in (giL) 75 :!:3.9 75 :!:2.1 (100) 75 :t: 5.0 (100) 

'Huntingdon Life Sciences (2001). 
~Avenge daily closes (mWkg-day) were calculated by study autbon. 
"Expressed as sroup mean :1: SD (%of ccmtrols). 
dgipificantly clifferent from control (p ~ O.OS); Williams' test or Shirley's test. 
•siguifiC&Dtly diffm:at from control (p s 0.01); Williams' test or Shirley's test. 
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400 (35.0) 1600(131.7) 

10 10 

43 :t:9.S (B8) 38:t:7.1'(7B) 

82 :t: 30.1 (82) 68 :t: 10.0" (68) 

51 :t: 2.1 (104) 53 :t: u• (lOB) 

140 :t: 0.9" (99) 13B :t: 5.1' (9B) 

67:!:2.4(99) 67:!:2.2(99) 

400 (42.0) 1600 (191.1) 

10 10 

43 :t: 14.B (90) 36:!:6.1 (75) 

76 :t: 18.4 (94) 72 :t: 16.2 (B9) 

55 :t: 6.2 (106) 53 :t: 4.5 (102) 

140: o.B• (99) 140 :t: O.B" (99) 

72 :t: 2.6 (196) 73:!:3.0(97) 
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Table B.S. Selected Histopathological Data in the Kidney for Rats Exposed to Sulfolane 
for 13 Weeks in DrinkiDg Water' 

Parameter Exposure Group mg/L (Average Dally Dole, mr/kg·dt 
! 

Male 0 25 (2.1) 100(8.8) 400 (35.0) 1600 (131.7) I 

Cortical tubular basopbilia0 3/10 (30) 4110 (40) 3/10 (30) 3/10 (30) 7110 (70) 

Cortical tubules with hyaline 4110 (40) 2/10 (20) 4110 (40) 9/10 (90) 9/10 (90) 
droplets 

Granular castJ-meduUa 0/10(0) 0/10(0) 0/10 (0) OflO (0) 2/10 (20) 

Cortical scarring 1/10 (1) 0/10 (0) 0/10 (0) 1110 (10) 1110 (10) 

Medullary cyst(s) 3/10(30) 0/10(0) 0/10 (0) 0110(0) 0/10(0) 

Interstitial nephritis 1/10 (10) 0/10(0) 2/10(20) 0/10(0) 1110 (10) 

Mincralizatio~~~o 0/10(0) 0110 (0) 0/10 (0) 0/10 (0) 0/10 (0) 
corticomecluDary 

Hyaline tubular casts 0/10 (0) 1/10 (10) 0110 (0) 0110(0) 1/10 (10) 

Hydronephrosis 0/10 (0) 0/10 (0) 0/10 (0) 1/10(10) 2/10(20) 

Hyperplasia, papillary epithelium 0/10(0) 0/10(0) 0/10 (0) 1110 (10) 1110 (10) 

Cortical cyst(s) 0/10(0) 1110 (10) 1110 (10) 1/10 (10) 0/10 (0) 

Papi11a-dllatcdducts 0/10(0) 1110 (10) 0/10 (0) 0/10 (0) 0/10 (0) 

Female 0 l5(U) 100 (10.6) 400(41.0). 1600 (191.1) 

Cortical tubular basophilia 0/10 (0) 1110 (10) 0/10 (0) 0/10 (0) 1110(10) 

Cortical tubules with hyaline 0/10 (0) 0/10 (0) 0/10 (0) 0/10(0) 0/10 (0) 
droplets 

Granular casts-medulla 0/10 (0) 0/10(0) 0/10 (0) 0/10(0) 0/10(0) 

Cortical scarring 0110(0) 1110 (10) 2110 (20) 1110(10) 1110 (10) 

Medullary cyst(s) 0/10 (0) 0110 (0) 0/10(0) 0/10 (0) 0/10 (0) 

Interstitial nephritis 0/10(0) 0/10(0) 0/10 (0) 1110 (10) 1110 (10) 

Mineralizations, 1110 (10) 0/10 (0) 1110 (10) 0/10(0) 3/10 (30) 
corticomedullary 

Hyaline tubular casts 0/10 (0) 1/10 (10) 0/10 (0) 0/10 (0) 0/10(0) 

Hydrouephrosis 0/10(0) 0/10(0) 0/10 (0) 1/10 (10) 0/10(0) 

Hyperplasia, papillary epithelium 0/10 (0) 0/10(0) 0/10 (0) 0/10 (0) 0/10 (0) 

Cortical cyst(s) 0110 (0) 0/10(0) 0/10 (0) 0/10 (0) 0/10 (0) 

Papilla-dilated ducts 0/10 (0) 0/10 (0) 0110 (0) 0/10 (0) 0/10 (0) 

8fluntingdon Life Sciences (2001). 
b Average daily doses (m~-day) were calculated by study autbon. 
~ubs presented no. of 8llimals with 1esionlno. of llDima1s tesbld (% incidence). 
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Table B.6. Mean Body Weight and Surrival of Male aad Female Spragu~Dawley Rats 
After Oral Exposure to Sulfolane for 28 Days• 

Kqlomre Group, mglkg-d 

Parameter 0 60 200 700 
M.aJu...-1rutmeat period 

No. of BDimaJs 12 6 6 12 
Body Day1 151 :!:3 151:1:3 (100) 151:1: 4(100) 151:1:3 (100) 
weidn" Day3 165:1:4 165:1:4(100) 166:1:6(101) 146:1: S1 (88) (g) 

Day7 203:1:7 200:1:5 (99) 199:1:5 (98) 177:1: 6' (87) 
Day10 228:1:10 225:1:7(99) 222:1:5 (97) 198:1:6'(87) 
Day14 263:1:13 260:1: 10 (99) 2SS :1:6 (97) 226:~:rc86) 

Dayl7 288:1:17 284:1: 11 (99) 278:1:8 (97) 247:1: rj' (86) 

Day21 319:1:21 312 :1: 12 (98) 307:1:8 (96) 276 :1: 12" (87) 
Day24 340:1:23 330:1: 14 (97) 324:1: 10(95) 292:1: 131 (86) 

. Day28 ' 365:1:27 351:1:17 (96) 348:1:7(95) 317:1: u• (87) 
Gain 1-28 214:1:25 200:1:16 (93) 197:1:7 (92) 166 :1: ts• (78) 

S11l'Vivat 12/12(100) 616 (100) 616 (100) 12/12(100) 
Mala-recovery period 

Body Day28 371:1:29 NE NE 341 :1: 1s- (92) 
weiSbf Day31 390:1:31 NE NB 345 :1: IS" (88) (g) 

Day3S 413:1:35 NE NB 371 = 1r <90> 
Day28 430:1:38 NE NE 386:1: 1~(90) 
Day42 446:1:44 NB NE 406:1:22(91) 
Gain28-42 7S:t:1S NE NE 92:1:13 (123) 

SurvivaJO 12112(100) NE NE 12112 (100) 
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Table B.6. ~Body Weigllt ud Survival of Male lllld Female Spnp~Dawley Rats 
After Oral Exposure to Sulfolane for 28 Days• 

Para•eter E:qMIIIU'tl Group, lq/q-d 

Females-treatmeat periDd 

Body Day1 134:1:4 
weigbt11 (g) 

Day3 142:1:5 

Day7 159:1:6 

DaylO 167:1:8 

Day 14 180:!: 11 

Day17 190:!: 12 

Day21 199:1::13 

Day24 206:!: 15 

Day21 215:!: 16 

Gain 1-28 81 :!:14 

Smvival11 12/12(100) 

Females recovery period 

Body Day28 214:t:23 
weiSbt"(g) Day31 219:!:25 

Day3S 226:!:26 

Day28 233:1::32 

Day42 239:1::34 

Gain28-42 25:1::12 

Survival"' 12/12 (100) 

'Ministry ofH• aDd Welmre Japan (1996a). 
"weights c:xpressed as mean :I: SD (%of control). 

134:1:4 (100) 

143 :1: 7 (101) 

160:!:6 (101) 

169:!: 7 (101) 

180:!:6 (100) 

190:!: 7 (100) 

200:!: 9 (101) 

203:!:9(99) 

213 :i:9 (99) 

79:!:6(98) 

616 (100) 

NB 

NE 

NE 

NE 

NE 

NE 

NE 

'Survival expressed as IIUIIlber survivinglcotal number (% survival). 
"sigoificaatly di1rcJent tom CODIIOl (p ... 0.05); test was not reported. 
'Significantly cliffi=nmt iom control (p = 0.01); test was not reported. 

NE =not euminecl 
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135:1: s (101) 

140:1:7 (99) 

157:!: 7 (99) 

169:1:9(101) 

181 :1:: 11 (101) 

191 :i: 13 (101) 

202:!:14(102) 

201:1: IS (101) 

217:1:18 (101) 

82:!: 15 (101) 

616 (100) 

NB 

NE 

NE 

NE 

NE 

NE 

NE 

134*4(100) 

127:!:5'(89) 

146:!:6'(92) 

157:!: &4(94) 

169:!: &4(94) 

171 :i: I (94) 

189:!: 9 (9S) 

19S:i: 10 (95) 

205:1:10 (95) 

n:1: 10 (89) 

12/12 (100) 

207:1:13 (97) 

222:t: 14 (101) I 

233 :1:: 17 (103) I 

239 :i: 20 (103) 

246:1:: 22 (103) 
I 

40:1::11 (160) I 
I 

12/12(100) 
---
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Table B.7. Mean Food Coosumptioa Data of Male aad Female Spragae-Dawley Raa After 
Oral Exposun to Sulfolane for l8 Days• 

~reGroup (Jill/ki-d) 

Parameter 0 60 

Mala-treatmeat period 

No.ofcaps 12 6 

Food Weeki 25:1::1 25:1::3 (100) 
CODSUDlptionb 

Week2 29:1::3 29:1::3 (100) (g) 
Week3 30:1:2 30:1::2(100) 

Week4 32:1::4 32:1::2 (100) 

Malel-recovery period 

No. of cages 6 0 

Food WeckO 33:!::S NE 
consumption 

Weeki 34:1::4 NE (g) 
Week2 35:1::5 NE 

Females-treatment period 

No. ofCIIFS 12 6 

Food Weeki 19:1::1 19:1::1 (100) 
coDSUJDption 

Week2 19:1::2 20:1::1 (lOS) (g) 
Wcek3 21:1::2 21 :1::2(100) 

Week4 2U:2 19:1::2(90) 

Females recovery peried 

No.ofcages 6 0 

Food WeetO 21:1:2 NB 
COIISUDlption 

Weeki 21:1:2 NE (g) 
Woek2 22:1::4 NE 

"Ministry ofBealtb and Welfilre Japan (1996a). 
"Food coiiSUIDption expreasec1 u mean :1: SD (% of control). 
CSipificantly difJcreot &om conlrol (p ... 0.01); tat was not reported. 

NB = not examined. 
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200 

6 

25:1::2(100) 

29:1::2(100) 

31 :1: 1 (103) 

33:1::2 (103) 

0 

NE 

NB 

NE 

6 

19:1:2 (100) 

20:1::2(105) 

22:!::3 (lOS) 

21:1::3 (100) 

0 

NE 

NE 

NB 

700 

12 

18:1:: 3c (72) 

24:1::2°(83) 

27:!::2'(90) 

30:1:3 (94) 

6 

30:1:3(91) 

34:1::2 (100) 

35:1:2(100) 

12 

12:1::3' (63) 

19:1::1 (100) 

20:1:1 (95) 

21:1:2 (100) 

6 

21 :1::2(100) 

26:1:: 1'(124) 

23:1::3 (lOS) 
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Table B.S. Incidences of Clinical Signs in Female Sprague-Dawley Rau After Oral 
Exposure to Solfolane for l8 Days• 

Weight 0 

Treatmeat period 

No. of a.Dimals 12 

Decreased locomotor 0 
activity" 

Recovery period 

No. of animals 6 

Decreased locomotor 0 
activity 

'Ministry ofHealdl and WolDre Japan (1996a). 
"'tarameta" expressed as number of animals affeotecl. 

NE =not examined. 

Ezpolare Group (mglkg-d) 

60 lOO 

6 6 

0 0 

0 0 

NE NE 
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700 

12 

3 

6 

0 
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Table B.9. Selected Hematological Parameters of Male and Female Sprague-Dawley Rats 
After Oral Exposure to Sulfolane for 28 Days• 

Eqloaare Group (mglkg-d) 

Pan meter 0 60 

~treatllleat 

No. of IIDmals 12 6 

RBCs (1o'/jd.)11 765:1:32 763 :1:43 (100) 

MCV(tL) 59:1:3 60:1:3 (102) 

MCHC(%) 34.6:1:0.8 33.8 :1: 0.~ (98) 

WBCs (102/p.L) 60:1:16 58:1:19 (!11) 

Males--efter recovay period 

No. of animals 6 0 

RBCs (1o'/jd.) 784:1:.58 NE 

MCV(tL) .58:1:2 NE 

MCHC(%) 34.3:1:0.5 NE 

WBCs (1o2/jd.) 76:1:19 NE 

Female&--efter treatmeDt 

No. of animals 12 6 

RBCs (1o'/pL) 773:1:21 778 :1:32 (101) 

MCV(fL) .57:1:2 57:1:2 (100) 

MCHC(%) 34.4:1:0.4 34.9:1: 0.4 (101) 

WBCs (102/jd.) 49:1:12 41:1:12 (84) 

Jl'emalu-after recovery period 

No. of 8llimals 6 0 

RBCs (10C/jd.) 817:1:16 NE 

MCV(fL) SS:I: 1 NE 

MaiC(%) 34.6:1:0.7 NE 

WBCs (1o:t/pL) 49:1:14 NE 

"MiDistry ofHeal11i and Welfilns Japan (1996a) • 
"P81'8111da'S expressed as mean :1: SD (%of control). 
'Significaotly difti:rent fiom colllrol (p = O.OS); test was aot reported. 
~ignificaatly clifl'ereat fiom coutrol (p = 0.01); test was not reported. 

lOO 

6 

763 :1: 29 (100) 

59:1:2 (100) 

33.5 :1: 0.2. (97) 

.58 :1: 13 (!11) 

0 

NB 

NE 

NE 

NE 

6 

752:1:23 (97) 

.57:1:1 (100) 

34.4:1: 0.7 (100) 

31:1: 12(78) 

0 

NE 

NE 

NB 

NB 

700 

12 

772:1:22 (101) 

61:1:2 (103) 

33.6 :1: 0.411 (97) 

64:1:7 (107) 

6 

100:1:49 (102) 

.58:1:2(100) 

34.5:1:0.8 (101) 

104:1:~(137) 

12 

778 :1: 42 (101) 

.58:1:1 (102) 

33.9 :1: 0.6 (99) 

36:1:1.5 (73) 

6 

781 :1:2111 (96) 

.57:1: •• (104) 

34.5 :1: 0.3 (100) 

69:1:22 (141) 

RBCs = red blood cel1s; MCV =mean corpuscular volume; MCHC =mean cell hemoglobin conceotration; 
WBCs ""'white blood cells; NE =not examined. 
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Table B.lO. Seleded Clinical Chemistry Parameten of Male aad Jl'emale Sprague-Dawley 
Rats After Oral Exposure to Sulfolane for 28 ~ys• 

Exposure Group (mglkg-d) 

Pan meter 0 CiO 200 700 
Malel--after treatmeut 

No. of 8Dima1s 6 6 6 6 
AlaniDc amiaotraaaferase 2U:S 
(ALT; IDfL)b 

28 :i: 6 (100) 27:i:3 (96) 33 ='= s•cu8) 

Total proteiD (gfdL) 6.33:i:0.22 6.12:i: 0.12(97) 6.07 :i: 0.13° (96) 6.35 :i: 0.13 (100) 
Tbromboglobulin (mg/dL) 80:i:2S 71 :i: 13 (89) 86:i: 17 (108) 110 :i: 32 (138) 
Glucose (mgldL) 134:i: 11 142 :i: 24 (1 06) 138:i:9 (103) 130:i: 18 (97) 

Total bilirubin (mgldL) 0.3S:i:O.OS 0.35 :i: o.os (100) 0.40 :i: o.os (114) 0.45 :i: 0.03cl (129) 
ChE(IUIL) 2S:i:9 20:i:6 (80) 26:i: 4(104) 40 :i: 12c (160) 
Cl(mBqJL) 104:i:O 104:i: 1 (100) 104 :i: 1 (100) 102:i: 1.(98) 
CreatiaiDe (mgldL) 0.51 z0.07 0.47 :i: 0.06 (92) o.so :i: o.os (98) 0.49 :i: 0.04 (96) 
Malel •fter recovery period 

No. of lllima1s 6 0 0 6 
AlaoiDe amiaotraosfmaso 31 :i:6 NE NE 36:i:9 (116) 
(ALT;IDIL) 

To1al proteiD (gfdL) 6.29:i:034 NE NB 6.09 :i: 0.14 (97) 
Thromboglobulia (mgldL) 90:i:32 NE NE 63 :i: 16(70) 
Gluc:osc (mgldL) 1S7:i: 12 NE NE 143:i:8c(91) 
T01al bilirubin (mgldL) 0.28:i:0.02 NE NE 0.30 :i: o.os (107) 
CbE(IUIL) Sl:i:22 NE NE 45 :i:23 (88) 
CI(mBqJL) 103:1:2 NE NE 103 :i: 1 (100) 
Creatinine (mgldL) 0.63:i:0.03 NE NE 0.57 :i: 0.04° (90) 
ll'...w..-.tter treatmeat 

No. of animals 6 6 6 6 
A1aniDc amblotransferase 24:i:S 24:i:4 (100) 23 :i:4(96) 3S:i:~(146) 
(ALT;IDIL) 

Total pmtBin (gldL) 6.26:i:036 6.49 :i: 0.26 (1 04) 6.41 :i: 0.16 (102) 6.36 :i: O.lS (102) 
Tbromboglobulin (mgldL) 26:i:4 38:i: 12(146) 44 ='= 1ra (169) 32:i: 12(123) 
Glucose (mgldL) 130:i: lS ll7:i: 13 (90) 124:i: 10 (9S) 110:i:4°(8S) 
To1al bilirubin (mgldL) 0.2l:i:0.01 0.22 :i: 0.02 (lOS) 0.22:i: 0.2 (lOS) 0.24:i: 0.03 (114) 
ChE(IUIL) 304:i: 175 296 :i: 106 (97) 28l:i:60 (92) 294:i:4l (97) 
Cl(mBqJL) l06:i: 1 106:i: 1 (100) 106 :i: 2 (100) l06:i: 1 (100) 
Creatinine (mgldL) 0.54:i: o.os o.ss :i: 0.04 (102) 0.53 :i: 0.02 (98) 0.53 :i: 0.04 (98) 
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Table B.lO. Selected C&nieal Chemistry Parameters of Male and Female Sprague-Dawley 
Rats After Oral Exposure to Snlfolane for 18 ~;lays• 

Exposure Group (mglkg-d) 

Parameter 0 

Females--efter reeovery period 

No. of animals 6 

AlaniDe aminotnmsferue 27:i:6 
(ALT;nJIL) 

Total protein (1/dL) 6.60%0.29 

TbromboglobuliD (mgldL) 46:i:lS 

Glucose (mgldL) 139:i: 13 

Total' bilirubin (mgldL) 0.29:i:O.OS 

ChE(IUIL) 292:i:89 

Cl(m.Bq/L) 10S:i:2 

Creatinine (mgldL) 0.6S:i: 0.10 

~ ofHealth and Wel&re Japan (1996a). 
~eters expressed as mean :1: SD (%of coD11ol). 

60 

0 

NE 

NE 

NE 

NE 

NE 

NE 

NB 

NB 

0SigojfiC811tly dif1i::nmt from coatrol (p = O.OS); test was mrt reported. 
dgiguificandy different from coD11ol (p = 0.01); tat was not reported. 

ChE = cbolinc:stcrasc, Cl = chlorine, NE = DOt examined. 

52 

200 

0 

NE 

NB 

NE 

NE 

NE 

NB 

NB 

NB 

700 

6 

29%6(107) 

6.62:1:0.12 (100) 

61 :i: 19 (133) 

l2S:i: 10 (90) 

0.28 :i: 0.02 (97) 

263%47(90) 

lOS :i: 1 (100) 

0.61 :i: o.os (94) 
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Table B.ll. Selected Organ Weights of Male and Female Rats After Oral Exposure to 
Sulfolane for 28 Days• 

bposure Groap (mglkg-d) 

Parameter 0 60 200 710 
Ma.._.fter treatmeat 

No. of animals 6 6 6 6 
Weight" Abs.spleen 0.68:1:0.05 0.62:1: 0.07 (91) 0.62:1: 0.()2 (91) 0.58 :1: 0.10 (85) 

Rei. spleen 0.21:1:0.02 0.20 :1: 0.02 (95) 0.20:1:0.01 (95) 0.20 ~ 0.03 (95) 

Abs.liver 9.77:1:0.72 9.70:1:0.88 (99) 9.76:1:0.37 (100) 9.23 :1: 0.65 (94) 

Rei. liver 3.04:1:0.22 3.05 :1: 0.15 (100) 3.11:1:0.10 (102) 3.22:1: o.IS (106) 

Abs. brain 1.99:1:0.10 2.03 :1: 0.07 (102) 2.00:1::0.08 (101) 1.95 :1: 0.04 (98) 

Rei. brain 0.62:1::0.03 0.64:1::0.03 (103) 0.64:1:0.03 (103) 0.68:1: o.oso (110) 

Abs. kidney 2.47:1:0.22 2.53:1::0.14 (102) 2.48:1:: 0.11 (100) 2.70:1:: 0.30 (109) 

Rel.Jddncy 0.77:1::0.04 0.80 :1:: 0.05 (104) 0.79:1: 0.05 (103) . o.94 :1:: o.o,;ct (122) 

Abs.hcart 1.10:1::0.11 1.11 :1:: 0.13 (101) 1.09 :1: 0.05 (99) 1.10 :1:: 0.09 (100) 

Rel.hout 0.34:1::0.03 0.35 :1:: 0.03 (103) 0.35:1: 0.01 (103) 0.39 :1:: 0.03d (115) 

Males--after recovery period 

No. of animals 6 0 0 6 
Weight Abs. spleen 0.77:1::0.15 NE NB 0.68 :1:: 0.09 (88) 

Rei. spleen 0.19:1:0.03 NB NB 0.18:1:: 0.02 (95) 

Abs.Uver 11.98:1::1.62 NB NB 10.56:1::0.49 (88) 

Rei. liver 2.96:1::0.23 NB 'NB 2.86 :1: 0.11 (97) 

Abs. brain 2.08:1::0.09 NB NB 2.00 :1: 0.06 (96) 

Rei. brain 0.52:1::0.04 NB NB 0.54:1:0.04 (104) 

Abs.ki~ 2.69:1::0.21 NB NB 2.60 :1:: 0.27 (97) 

Rei. kidney 0.67:1:0.05 NB NB 0.71:1:: 0.08 (106) 

Abs. heart 1.28:1::0.12 NB NB 1.25:1:0.11 (98) 

Rei. heart 0.32:1::0.02 NE NB 0.34:1::0.03 (106) 
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Table B.ll. Selected Organ Weights of Male and Female Rats .After Oral Exposure to 
SuJfolane for 28 Days• 

Expoaare Group (mglkg-d) 

Parameter 0 60 200 700 

Jl'emala-efter treatmeat 

Sample size 6 6 6 6 

Weight Abs. splCCID 0.41±0.06 0.43 z 0.05 (90) 0.44 ± 0.08 (92) o.37 z o.o3° rm 
hi.. spleen 0.24±0.03 0.22 ± 0.03 (92) 0.23 ± 0.05 (96) 0.20± 0.01 (83) 

Abs.6ver 5.95±0.32 5.81 ± 0.31 (98) 6.29± 0.96 (106) 5.64 ± 0.38 (95) 

hl.livcr 3.00±0.18 2.97 ± 0.08 (99) 3.19± 0.27 (106) 3.01 ± 0.15 (100) 

Abs. braiD 1.82±0.05 1.87 ± 0.04 (103) 1.83 z 0.03 (101) 1.81 ± 0.05 (99) 

Rei. brain 0.92±0.05 0.96 ± 0.06 (104) 0.94± 0.07 (102) 0.91 z 0.05 (1 OS} 

Abs. kidney 1.61 ±0.11 1.58 ± 0.12 (98) 1.63 z 0.12 (101) 1.60 = 0.13 (99) 

hi. kidney 0.82±0.07 0.81 ± 0.07 (99) 0.83 ± 0.03 (101) 0.85 ± 0.07 (104) 

Abs. heart 0.77±0.03 0.74± 0.04 (96) 0.16 z 0.07 (99) 0.73 ± 0.06 (95) 

Rei. heart 0.39±0.02 0.38 ± 0.03 (97) 0.39± 0.02 (100) 0.39± 0.02 (100) 

Females after recovery period 
. 

Sample size 6 0 0 6 

Weight Abs.spleen 0.44±0.06 NE NB 0.53 ± o.oso (120) 

Ret. spleen 0.20±.0.02 NE NE o.24 ± o.cnc (120) 

Abs.6ver 6.00±0.84 NB NE 6.69 ± 0.60 (112) 

Rel.liva' 2.74±0.15 NE NE 2.98 ± o.CJ91' (109) 

Abs. brain 1.84±0.09 NE NE 1.85 ± o.os (101) 

Rei. braiD 0.85 ± 0.08 NB NE 0.83 ± 0.06 (98) 

Abs.kidney 1.58:0.23 NE NB 1.58 z 0.08 (100) 

Rei. kidney 0.72±0.05 NE NE 0.71 ± 0.04 (99) 

Abs. heart 0.79:0.09 NE NE 0.84 ± 0.06 (106) 

Rei. heart 0.36±0.02 NB NE 0.38 ± 0.03 (106) 

~ ofHealth and WeHisre Japan (1996a). 
b Absolute weights expreued u meaD.± SD (%of control); relative weights expressed u perceatage of body weight. 
cSigaificandy different from control (p = 0.05); test was not lqK)rted. 
dSigaificaotly difi'ereot from control (p = 0.01); test was not reported. 

NE =not examined. 
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Table B.12. lneldenee of Seleeted Histopatbologieal Findings in the .Kidneys of Male and 
Female Spragae-Dawley Rats After Oral Exposure to Solfolane for 28 Days• 

:bpoaore Group (mglkg-d) 

Pan meter Gnde• • 6G 200 700 

MaJe5.-..efter treatmeat 

No. of animals 6 6 6 6 

Hyaline droplets in pro:x. + 1 0 s 1 
tubule epithelium 

++ 0 0 1 4 

+++ 0 0 0 1 

Total incidence 1 0 6d 6' 
Eosinophilic bodies in + 0 0 s' 4a 
proximal tubule 

Tubular basopbilic cbaagc + 2 1 2 s 

Focul tubular dilaJation 1 1 0 0 
with or without hyaUue + 
casts 

Distal tubular ctilatation + 0 0 1 1 

Male&-efter neovery period 

No. of animals 6 0 0 6 

Hyaline droplets in pro:x. + 1 NE NB 3 
tubule epitbclium ++ 0 NB NB 0 

+++ 0 NE NB 0 

Total incidence 1 NE NE 3 

Eosinophilic bodies in + 1 NE NE 
0 proximal tubule 

Tubular basophilic chaup + 4 NB NE s 
Focul tubular dilatation NB NB 
with or without byaline + 0 0 
casts 

Distal tubular dilatation + 0 NB NB 0 

Females---.fter ~tmeat 

No. of animals 6 6 6 6 

Tubular basophilic cbaDge + 2 NB NE 1 

Fibrotic focus + 0 NB NE 1 
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Table B.ll. Incidence of Selected Histopathological Findings in the Kidlleys of Male and 
Female Sprague-Dawley Rats After Oral Exposure to Solfolane for l8 Days• 

Esp01are Group (mglkg-d) 

Panmeter Gnde11 0 60 

:Femalel-after recovery 

No. of anhnals + 6 "NE 

Tubular basophilic chqe + NE NE 

Fibrotic focus + NE NE 

~ ofHealth aml Wolfiue Japan (1996a). 
"Severity grades: + = slight, ++=moderate, +++=marked. 
-significantly cliffi:zcmt iom control (p = O.OS); test was not repormd. 
~ignificantly clifJc:rcu.t iom control (p = 0.01); 1est was DOt reported. 

NB =DOt examiDed. 
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200 

NE 

NE 

NE 

700 

6 

NE 

NE 
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Table B.13. CUnieal Chemistry aiad Pathology Data of Guinea Pigs Orally Exposed to 
Sulfolane for 3 or 6 Months• 

Exposure Group (mglkg-d) 

Parameter 0 0.25 l.S 15 

At3montbs 

ALT (IU/lOOmL)b 59.4 ND ND 40.8 

AST (IU/100mL) 106 NO NO NO 

Marrow cell count 16.43 NO 10.99 12.25 
(X 104fmm3) 

Spleen-dispersion 0/14 0/14 1114 2/14 
of white pulpc 

At6montbs 

Spleeo-dispersion OilS 0122 2126 2I2S 
of white pulp0 

Liver filtty OilS 0122 . 2126 4I2S 
degenerationc 

Liver-sipific:aDt 0125 0122 1/26 2I2S 
&tty degenerationcl 

ezbu et aL (1987c). 
"Dam are assumed 1o be Jl'OilP mean. No standard deviation or standard error was provided. 
"Data are piOVided as i.Dcideoce (No. of 8llimals with affect/No. of animals in test group). 
~re severe fatty degeneration than noted in the line above. 

ND""nodata . 

51 

150 

45.8 

71 

10.56 

6/14 

7/22 

7122 

S/22 
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Table B.14. Mean Body Weight aad Survival of Male aad Female Rats After Qral Exposure 
to Sulfolalle for 41-50 Days• 

Expo.mn Group (mWkg-d) 

Panmeter 0 60 200 700 

Male 

Sample size 12 12 12 12 (Days 1-4; 11 
thereafter) 

Weight" (g) Day 1 367.2:!:6.7 366.6 :t: 5.8 (100) 367.1 :t: 6.2 (100) 366.8 :t: 5.5 (100) 

Day4 382.0:!: 10.5 379.7:!: 7.0 (99) 3723:!:J,g' (97) 322.5 :!: 9.&- (84) 

DayS 393.5:!: 11.7 391.8 :t: 8.4 (100) 386.5:!: 10.1 (98) 322.0 :!: 18.(;0 (82) 

Dayll 403.5:!: 14.1 403.0:!: 13.0 (100) 399.6:!: 13.1 (99) 341.6:!: 14.(;0(85) 

Day15 4193:!: 15.7 416.8 :!: 16.6 (99) 417.5:!: 14.1 (100) 37o.s = 1u• (BB) 

Day18 4283:!: 16.9 427 3 :!: 16.4 (100) 420.5:!: u.s (98) 373.1 :t: 14.(;0 (87) 

Day22 445.9:!: 15.4 442.4:!: 16.1 (99) 439.0:!: 12.9 (98) 399.7:!: 18~ (90) 

Day25 4523:!: 18.2 453.2:!: 17.7 (100) 450.2:!: 13.6 (100) 411.7:!: 21.&- (91) 

Day29 469.9:!: 19.1 473.3:!: 23.7 (101) 467 .s :1: 13.6 (99) 426.8:!: 20.~ (91) 

Day32 474.5:!:21.0 474.5 :1:: 22.2 (100) 473.2:1::15.1 (100) 432.9:1::21.1. (91) 

Day36 479.8:!:233 479.0 :1:: 20.6 (100) 479.6:1:: 15.4 (100) 436.4:!: 20.4° (91) 

Day39 486.4:!:23.7 485.7:!: 24.9 (100) 485.9:!: 143 (100) 440.1 :1:: 20.1 c (90) 

Day43 493.1:1::25.6 "492.2:!: 26.7 (100) 494.2 :t: 12.1 (100) 442.8 :~=-19.r (90) 

Day46 495.9:!:24.2 496.5:!: 27.1 {100) 496.7 :!:13.9 (100) 448.2 = 11 .a• (90) 

Day49 500.9:t:25.6 5033 :!: 25.8 (100) 501.7:!: 13.2 (100) 449.4:1:: 2l.!)D (90) 
Survival a 12/12 12112 12/12 11/12 

Female 

Sample size (except 12 12 12 12 
where indicated) 

Weight (g) Day 1 2183:t:6.S 2183:!: 6.1 (100) 218.8 :1::6.0 (100) 218.6:!: 5.8 (100) 
Day4 218.4:1::6.5 216.1 :!: 7.9 (99) 213.3 :1:: 6.8 (98) 195.1 :!: 6.~ (89) 

DayS 224.2:!:9.0 219.8:1::7.1 (98) 217.9:1::7.4 (97) 2013:1: 6.&- (90) 

Dayll 229.4:!:6.5 225.1 :1:: 8.6 (98) 222.8:!: 7.9 (97) 216.3 :1: 9.1e (94) 

Day15 2343:!:1.9 231.0 :1:: 10.9 (99) 230.7:!: 8.7 (98) 226.7 :t: 11.2 (97) 

DaylB 250.0 (n = 2) 2S3.S (n = 2)(101) 243.3:!: 11.7(n=4) 258.0 (11 =S) (I 03) 
(97) 

Day22 NR NR NR. 258.0 (n = 2) 

Day25 NR NR NR 272.5 (n "" 2) 
Day29 NR NR NR 270.0 (II= 1) 
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Table B.14. Mean Body Weight and Survival of Male and Female Rats After Oral Exposure 
to Solfolane for 41-50 Days• 

Panmeter Expomre Group (mglkg-d) 

Female 0 60 

PregoBDCY ud Lactation Weights 

Sample size 11 12 

PreJDIIDCY DayO 240.4:1:9.9 236.8 :f:: 11.9 (99) 

Day7 272.8:1::8.1 269.2 :f:: 14.0 (99) 

Day14 305.9:1::11.6 300.3 :1: 16.1 (98) 

Day21 388.8:1:18.0 383.1 :f:: 22.1 (99) 

I...acmtion DayO 274.1:1:14.3 269.9:1: 17.7(98) 

Day4 292.9:1:17.2 290.3 :f:: 19.2 (99) 

SurviYBl 12/12 12/12 

~ ofHealth 8Dd Wel&re Japan (1999). 
"weights exprased as mean:f:: SD (%of control). 

100 

10 

236.9 :f:: 8.9 (99) 

267.8:1::9.1 (98) 

295.0 :1: 12.2 (96) 

315.5 :1: 14.4 (97) 

265.0 :f:: 9.2 (97) 

284.3 :f:: 16.5 (97) 

12/12 

CSurvival expressed as DUJDber survivingltotal number(% sarvival); % is calculated. 
llsipific:aD11y diffi:reDt iom control (p < O.OS); test was DOt reported. 
-significantly diffenmt from comrol (p < 0.01); test was DOt reported. 

NR ... not reported. 

59 

700 

10 

235.5 :f:: 23.1 (98) 

262.8 :f:: 16.0 (96) 

291.9:1: 15.1 (95) 

369.1 :f:: 29.8 (95) 

269.4 :f:: 8.9 (98) 

272.2:1:: 12.7(n=5) 
(93) 

11112 
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Table B.15. Food Couamption of Male and Female Rats During Oral Exposure to 
Sulfolane for 41-50 Days• 

Exposure Group (mglkg-d) 

Parameter 0 60 

Male 

No. of animals 12 12 

Consumption11 Day3 26.9:i: 1.9 27.1 :i: 1.3 (101) 
(g/day) 

Day6 'r1.6:i:U 28.9:i: 1.7 (lOS) 

DaylO 27.6=':2.2 28.9:1: 2.3 (lOS) 

Dayl3 27.7=': 1.6 28.1 :i: 1.4 (101) 

Day31 25.2:i: 1.6 25.7 :i: 1.8 (102) 

Day34 2S.S:i: 1.5 26.7:!: 2.7 (lOS) 

Day38 2S.3:i: 1.1 26.2 :i: 2.4 (104) 

Day41 2S.S :i: 1.2 26.7 :i: 3.S (lOS) 

Day45 2S.3:i:3.2 27.6 :i: 3.1 (109} 

Day48 24.S:i: 1.6 27.4 :1: 3.1° (112) 

Jl'emale 

~o.ofanimals(except 12 12 
where ilulicatecl) 

CoDsumptionb Day3 16.3 :i: 1.7 lS.O :i: 2.0 (92) 
(glday) 

Day6 li.O:i: 1.4 17 .s :1:2.2 (97) 

DaylO li.B:i: 1.4 18.7:1:2.2 (99) 

Dayl3 17.9:1:2.3 17.8:1:2.3 (99) 

PregDBDey aad Lactadoa 

~o. of animals 11 12 

Pregaancy Day2 21-.0:1: 1.7 20.9 :i: 3.1 (100) 

Day9 23.0:1: 1.8 22.9:1: 1.8 (100) 

Dayl6 22.S:i: 0.9 22.3 :i: 2.3 (99) 

Day21 20.2=':2.6 19.4:1: 2.2 (96) 

Lactation Day4 30.3:i: S.l 30.2 :1: 4.1 (100) 

'Miaisby ofHealth 8Dcl Wclfm 1apan (1999). 
"conswDption expressed as mean r/day :1: SD (% of control). 
C:Sipificantly diffcreat from control (p < O.OS); test was aot n:ported. 
&tsigaificantly ctifli:rent from control (p < 0.01); test was not n:ported. 

60 

200 

12 

24.0 :i: 2.3d (89) 

26.9:i: 1.4 (97) 

28.1 :i: 2.0 (102) 

28.0:1:2.0 (101) 

26.1 :i: 1.4 (104) 

26.8:1:1.8 (lOS) 

25.5 :i: 2.0 (101) 

25.6 :i: 2.0 (100) 

25.3 :i: 2.2 (100) 

23.6:1:2.1 (96) 

12 

14.7:1: 1.7 (90) 

17.4:1: 2.0 (97) 

19.0 :1: 2.6 (101) 

18.6 :i: 2.1 (104) 

10 

21.0 :i: 2.1 (1 00) 

22.9:1:2.0(100) . 

21.4:1: 1.7 (9S) 

20.3 :i: 1.4 (100) 

29.8 :i: 4.9 (98) 

700 

12 (Days 1-4; 11 
tbereafRr) 

13.1 :i: 2.&4 (49) 

12.4 :i: 4!1 (45) 

28.1 :i: 2.2 (102) 

'r1.2:i: 1.9(98) 

26.3 :i: 2.S (104) 

26.4 :i: 2.2 (104) 

26.0 :i: 1.8 (103) 

24.9 :i: 2.1 (98) 

24.8 :i: 2.4 (98) 

24.0 :i: 3.1 (98) 

12 

9.1 :i: 1.1 d (56) 

10.4 :i: 2.4d (58) 

20.7:1: 1.7 (110) 

19.S :1: 3.3 (109) 

10 

18.7:1:2.2 (89) 

21.2:i: 1.1 (92) 

22.6:1:2.2 (100) 

21.S :1:2.7 (106) 

18.4 :1: 9.8d (61) 
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Table B.16. Ovary Weight of Female Rats After Oral Exposure to Sulfolane for 41-50 Days• 

kpomre Group (mglkg-d) 

Weight 0 

Sample size 12 

Final Body Weigbf (g) 289.0:1::213 

Ovaries (mg) 94.79:1::11.71 

Ovaries (mg %) 32.90:1::436 

~stry ofHealth and Wel&re Japan (1999). 
"weights expressed IS JDC8Il :1: SD (%of cmdrol). 

60 

12 

2903 :1:: 19.2 (100) 

95.51 :1:: 11.57 (101) 

33.04 :1:: 4.62 (100) 

"Sigoificantly cliffinDt 1iom control (p < 0.05); test was not roportcd. 
-'sigoificantly cfi1ferent :&om control (p < 0.01); test was DOt reported. 

200 

12 

214.0:1:: 15.0 (98) 

9839:1:: 10.42 (104) 

34.66 :1:: 3.33 (lOS) 

700 

12 

2683:1:: 14.2° (93) 

108.63:1:: 17.99 (11S) 

40.45 :!: s.92• (123) 

Table 8.17. Selected Reproductive Panmeten of Female Rats After Oral Exposure to 
Sulfolane for 41-50 Days• 

Parameter 0 

Number of females 12 

Number of estrous 3.5:1::0.5 
cases befOre mating 
(14d)11 

Number ofprepaat 11 
females 

Fertility iDclex" 91.7 

Number ofpnpaat 11 
females with live pups 

Numberofmales 12 

Number of males with 12 
successful copulation 

Copulation index" 100.0 

"Ministry ofHealth 8Dd Welfare Japan (1999). 
"Presented as mean z SD (% of control). 

Exposure Group (mglkg-cl) 

60 200 

12 12 

3.3 :1:: o.s (94) 3.2 :1:: 0.4 (91) 

12 10 

100.0 83.3 

12 10 

12 12 

12 12 

100.0 100.0 

700 

12 

2.2:!: 0.~ (63) 

10 

90.9 

10 

11 

10 

91.7 

~as%; calc:ulamcl using the equation: (number of females with successful copulatioD/number if females) x 100. "ExPressed IS%; calculated usmJ the equation: (Dumber of males with successful copulaticm/D1111lbcr of males) X 100. 
"Significantly di1fereot :&om coatrol (p < 0.01); test was DOt reported. 
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Table B.18. Selected Pup Observations of Female Rats Exposed to Solfolane for 
41-50Days• 

Exposure Group (mglkg-d) 

Parameter 0 60 

Number of dams 11 12 

Birth index11 96.3:1::6,5 95.8 :1:: 4.8 (99) 
Dead pups on 0.3:1::0.5 . 0.2:1:: 0.4 (67) 
Lactation Day 0 

Delivery inclexc 98.1:1::4.5 96.9 :1: 4.0 (99) 

Live birth index" 98.1:1::3.3 98.8:1::2.8 (101) 

Livepupson 14.8:1::1.8 15.0:1: 1.9(101) 
Lactation Day 4 

V18bility index• 99.5:1::1.8 100.0:1:0.0 (101) 

~ ofHealth and Welfilre Japan (1999). 
11(Numberoflive pups bomlnumber of implantation scars) x 100. 
0{Numberofpups bomfn1JIDberofimp)anfatioD scars) X 100 (%), 
d(Numberoflive pups bom/.Dillllber of pups bom) x 100. 
•(Number of live pups on day 4/number of live pups bom) x 100. 
1SigDificaotly dift'enmt from c:ontro1 (p < O.OS); tmt was not reported. 
'Significantly different fiom conbol (p < 0.01); test was not reported. 

200 

10 

90.5 :1:: 5.11 (94) 

0.2 :1: 0.4 (67) 

91.8:1:: 4.11(94) 

98.7:1:: 2.8 (101) 

. 13.7 :1: 13 (93) 

97.3 :1:: 3.5 (98) 

700 

10 

71.6 :1:: 26.28 (74) 

3.6 :1:: 4.41 (1200) 

94.0 :1:: 6. 7 (96) 

75.9:1:: 26.21 (77) 

4.0:1: 5.61 (27) 

29.2 :1: 40.41 (29) 

Table B.19. Body Weigha of Pops Bom to Female Rats hposed to Solfolane for 
41-50Days1 

EqJomre Group (mglkg-clay) 

Panmeter 0 60 
Number of dams 11 12 

. (exccptwbere 
indicated otherwise) 

:an~ Lactational 6.41:1::0.33 6.03 :1: 0.35 (94) 
DayO 

Lactational 9.57:1::0.81 9.41 :1::0.99 (98) 
Day4 

LiUI:r Lactational 95.27:1:: 11.58 89.83:1::7.64 (94) 
weight DayO 

Lactational 141.07:1: 16.51 139.n :1:: 1o.s3 (99) 
Day4 

"Ministry of Health and Welfilre Japan (1999). 
"weights expressed as mean :1:: SD ("AI of control). 
OSignificantly cliffereDt from coDtrol (p < O.OS); test was DOt reported. 
dSigoificantly different fiom control (p < 0.0 I); test was not reported. 

62 

100 

10 

6.05 :1:: 0.35 (94) 

9.43:1:: 1.13 (99) 

85.11 :1:: 5.6Cf (89) 

128.00:1:: 8.1~ (91) 

700 

10 

5.16:1:: O.S1d (80) 

5.96:1: 1.sr <, ... 5) (62> 

59.22:1::27.0~ (62) 

48.94:1::46.11d (n= 5) 
(35) 
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Table B.lO. Hematological Parameten of Male and Female Bartley-Derived Guinea Pigs 
After Inhalation Exposure to S.tfolane for 27 Days• 

~mre Groap, mv/m3 (Adjusted Dally Concentration, mg/m~b 
Parameter od 495(120) 

Number of animals• DNP 15 

White blood ceU Preexposme ND 5.9:1:0.5 
count (lo'/mL) 

Postexposure (-30 d) 5.8:1:0.8 4.9:1:0.3 
Hemldocrit count Prec:xposure ND 46:1:0.4 
(%by volume) 

Postexposure (-30 d) 39:1:4.8 48:1:0.5 
Hemoglobin count Preexposure ND 13.9:1:0.1 
(gl100mL) 

Postexposure (-30 d) 12.4:1:1.5 15.2:1:0.1 
•Andersen et al. (1977c). 
bCooceDtratioa is adjusted fur continuous exposure 24 bourslclay, 7 days/week. 
OValues expressed as meaD :1: SE (% of control);% is calcmlab:d; malo and fcmalo data were not reported soparatoly. 
ot.rbougb data fur a "coatrol" group is reported iD Table 3 of the study, a control group is DOt mentioned in 1he 
methods explanation; it is unclear what this "coatrol" group represents. 

-&uople sizes reflect those at the origin of study; hematological data were taken fiom 9-15 subjects. 

DNP "' data DOt provicled by study authors. 
ND = not c1etermiDed. 
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Table B.21. Hematological Parameters of Male aud Female Hartley-Derived Guinea Pigs 
After Inhalation Exposure to SulfolaDe for 85-110 Days• 

kponre Group, mglm.3 (Adjlllted Daily Conceatratlon. mrJmib 

Puamewt ft 1.8 (2.7) 4.0 (3.1) lO (19.2) 159(152) 200(191) 

Exposure duration (d) DNP 90 110 95 85 90 

Number of animals0 DNP DNP DNP DNP IS 15 

White blood Preexposure ND DNP DNP DNP 6.8 :1: 0.3 (NA) 5.9:!: 0.6 (NA) 
cell count 

Exposure Day 20 ND DNP DNP DNP ND 3.1:!:0.4(NA)1 (lo'lmL) 
Exposure Day 30 5.8:1:0.8 DNP DNP DNP 6.9:!: 0.2 (119) 3.8 :!: 0.4 (66)1 
Exposure Day 60 4.6:1:0.8 DNP DNP DNP 6.7:1:0.3 (146) 5.2:!: 0.3 (113) 

Exposure Day 90' 6.2:1: 1.1 DNP DNP DNP 6.8 :1: 0.3 (110) 4.4 :1: 0.21 (71) 

Hematocrit Preexposure ND DNP DNP DNP 46:1:0.3 (NA) 44:1:0.4(NA) 
count 

Exposure Day 20 ND DNP DNP DNP ND 49:1:0.9(NA) (%by 
volume) Exposure Day 30 39:!:4.8 DNP DNP DNP 46:!:0.3 (118) 51 :1:0.4 (131) 

Exposure Day 60 . 46:!:0.5 DNP DNP DNP 47 :1: 0.3 (102) 47:!: 0.6 (102) 

Exposure Day 90 46:1:0.8 DNP DNP DNP 46 ± 6.3 (100) 47:1:1.1 (102) 

Hemoglobin Preexposure ND DNP DNP DNP 16.0:!: 0.1 (NA) 14.4:1:0.1 (NA) 
count 

Exposure Day 20 ND DNP DNP DNP ND 14.9:1:0.2 (NA) (g/100 mL) 
Exposure Day 30 12.4:1:1.5 DNP DNP DNP 16.8:1: 0.1 (135) 15.5:!: 0.2 (125) 

Exposure Day 60 14.6:1:0.2 DNP DNP DNP 16.9:1:0.1 (116) 15.1:1: 0.1 (103) 

Exposure Day 90 14.8:1:0.2 DNP DNP DNP 16.6:1: 0.1 (112) 14.6± 0.2 (99) 

•Andersen et al. (19nd). 
llt:oncentratioo is adjusted tor continuous exposure 24 hours/day, 7 days/week. 
"Values expressed as meaD :1: SB (% of control); %is calculated; male aad female data were not reported separately. 
"Though data tor a "coatrol" group are reported in Table 3 of the study, a control group is not mentioned in 1he 
methods explanation; it is unclear what this "control"' group represenls. 

OSample sizes reflect those at the origin of study; hematological data were taken from 9-15 subjects at each dose 
leveL 

'Except mr tbe 159 mWm, e~leve~ which cmly lasted tor a duration of 85 days; observations were made at 
IS days fOr this group. 

8Significantly di1fereot &om control (p < O.OS); Student's t-test. 

DNP • dlda not provided by study authors. 
ND"'DOdata. 
NA = not applicable. 
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A benchmark dose (BMD) analysis of the male renal effects (hyaline droplet) was not 
attempted because the dose response was nonmonotonic, and statistical analysis perfonned for 
this review indicates that incidence of hyaline droplet in cortical tubules at the highest dose was 
not statistically significantly different ftom control by Fishers exact test ( 4/10 vs. 9/10, 
p = 0.0573). Finally, the endpoint based on leukocyte findings is more sensitive than the kidney 
effects. 

BMD modeling of total WBC count in female rats was attempted using the available 
continuous models (polynomial, power, Hill, linear) in EPA's BMD software (Version 2.1.2) 
consistent with EPA's BMD technical guidance (U.S. EPA, 2000). A benchmark response 
(BMR.) of one standard deviation change ftom the control mean is selected in the absence of a 
biological rationale for using an alternative BMR. The BMD analysis resulted in significant lack 
of fit (goodness-of-fit p < 0.1 0) for all continuous models employing nonconstant (modeled) 
variance (see Table C. I). The homogeneity variance p-value of less than <0.1 indicates that 
nonconstant variance is the appropriate variance model (and therefore it is inappropriate to 
assume constant variance for these data). Because all nonconstant variance models exhioited 
poor global fit to the data, a BMDL is not used as the POD. 

Table C..l. Model Predictions for Total White Blood Cell Countl in Female Rats Exposed to 
Sulfolane in Drinking Water for 13 Weeks• 

Homogeneity Goodness- AICfor 
VarlaDce of-Fit Fitted BMDtso BMDLlSD 

Model p-Value p-Valueb Model (mglkg-d) (mglkg-d) Conclusious 

mn 0.036 0.027 112.41 9.26 -999.00 Invalid BMDL 
(noncons1ant p-score 4 < 0.1 
variance) 

LiDear 0.036 0.008 115.30 190.43 131.06 LowestAIC 
(nonconstant p-score 4 < 0.1 
variance) 

Polyaomial 0.036 0.008 115.30 190.43 131.06 LowestAIC 
(noncoDStant p-soore 4 < 0.1 
variauce) Maximum Older beta= 0 

Pl=O 
IJ3=0 
jW=O 

Power 0.036 0.008 115.30 190.43 131.06 LowestAIC 
(noncoostBDt p-scorc 4 < 0.1 
variince) hit bound (power= 1) 

IJIUDtingdon Life Sciences (2001). 
"values <0.10 fail to meet conventiooal goodness-of-fit criteria. 
AIC ""Abike's Information Criteria; BMD =benchmark dose; BMDL = lower confidence limit (95%) on the 
benchmark dose. 
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